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INTRODUCTION. 


EXPERIMENTAL workers in bacteriological chemistry have had to contend with 
the question of the enzymic potency of the dead bacillus. The vast majority 
have been satisfied to assume that the enzymic activity does cease with the 
death of the cell, accepting the usual significance of the word. The problem 
is a very real one, however, to the chemist who is studying the metabolism 
of bacteria quantitatively. The writer has been studying the metabolism of 
glucose of a number of strains of B. coli communis (Escherich) with very 


variable results [Young, 1924]. It became necessary to eliminate the activity 
of the dead cell as a factor in the results. Moreover, the numerous recent 
studies of oxidation-reduction mechanisms have made an attempt to isolate 
the active agent of B. coli in glucose decomposition at least interesting, 
although admittedly difficult. 

Several methods would seem feasible to destroy the bacteria yet to leave 
the enzymes active. The use of antiseptics such as toluene has already been 
tried by Sturges and Rettger [1922], but the method is open to the objection 
that the periphery of the cell may be so changed that the enzymes are unable 
to diffuse out, and the contents of the medium to diffuse in. The power of 
toluene to coagulate proteins is well known. Negative results might therefore 
mean nothing but inadequate technique. The use of a bacterial mill to destroy 
the cell mechanically is also feasible if followed by sterilisation by filtration 
through a Berkefeld filter. This method is objectionable on account of the 
known instability to mechanical shock of certain proteins [Hopkins, 1900; 
Harris, 1923], and also of several enzymes [Shaklee and Meltzer, 1909]. 

The sterilising influence of low temperatures on bacteria has been known 
scientifically for many years. The method of obtaining a sterile medium for 
analytical study by repeated freezings and thawings appealed to the author 
for several reasons. The process of freezing and thawing probably disrupts the 
cells and should insure the liberation of endocellular enzymes if they be soluble. 
Low temperature can have no chemical effect on the enzymes present. The 
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technique can be applied aseptically to moderate quantities of material. This 
method has been used successfully by Neill and his co-workers for the pre- 
paration of several endocellular enzymes of bacteria [Avery and Neill, 1924; 
Neill and Fleming, 1927, 1, 2; Neill and Gaspari, 1927]. 


EXPERIMENTAL. 


Experiments with cellular extracts. 


Preparation of cellular extracts. Different strains of B. coli communis, some 
of which were freshly isolated, have been used in the following experiments. 
They were grown for 24 hours in nutrient broth, then transferred to Kolle 
flasks containing nutrient agar. The Kolle flasks were incubated at 37° for 
48 hours. The surface growth was washed off with a dilute saline solution 
containing 0-6 % potassium sulphate and 0-1 % magnesium sulphate [Grey, 
1919]. From 6 to 12 flasks were used to form about 150 cc. of bacterial 
emulsion. This emulsion, placed in a small flask, was frozen rapidly by means 
of carbon dioxide snow and ether. It was then liquefied by gentle rotation 
under the tap, and the process repeated many times. In the earlier experi- 
ments this procedure required several days. In the later experiments a series 
of about seven freezings was carried out in 3 or 4 hours. This served to kill 
about 98 % of the original cells. The solution was centrifuged to remove 
cellular debris, the supernatant liquid passed through a medium Berkefeld 
candle, and the sterile filtrate used in the preparation of the medium. 

Methods and chemicals. Interest centred especially around the decompo- 
sition of glucose, but peptone was also added to the medium. Each constituent 
of the medium was sterilised separately. Fermentation was carried on anaero- 
bically in a special apparatus designed for fractional anaerobic work with 
bacteria. Samples were withdrawn every few days for analysis. Glucose was 
estimated by the Bertrand method. Peptone hydrolysis was followed by 
means of the Van Slyke amino-nitrogen apparatus. The technique of counting 
bacterial cells was the usual dilution and plating method. p,, determinations 
were carried out colorimetrically according to the technique of Clark and 
Lubs using neutral red, phenol red or bromocresol purple. 

The glucose used was Merk’s “special,” and the peptone, a single lot of 
Witte’s. In the preparation of the culture media the desiccated products of 
the Digestive Ferments Company of Detroit were employed for the most part. 

The fermentation medium was made up as follows: 


Glucose solution (5%) ... ‘ae ois 100 ce. 
Peptone solution (2%) ... ae sda 100 ce. 
Saline solution... a sts Sk 100 ce. 
Bacterial filtrate ... sii se oe 100 ce. 
Calcium carbonate am ber ea 2 g. 


The calcium carbonate was added to maintain neutrality in the event of acid 
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production. Glucose and peptone were made up in saline solutions identical 
with the bacterial emulsion. 

Fermentations have been carried out at different py levels demonstrating 
the importance of this factor in such tests. Table I illustrates the effect of a 
preparation obtained from a stock strain, D-1 a, isolated in Halifax. Sterility 
was obtained in the emulsion after 40 freezings. Cell-free fermentation was 
allowed to proceed for about 5 weeks. The hydrogen ion concentration re- 
mained constant throughout this period. Glucose concentration remained 
essentially unaltered, apart from a slight increase in concentration at the 
start. The amino-nitrogen content however steadily increased up to the last 
week reaching a value about 300 % greater than at the start. The end-value 
represents approximately 50 % of the total nitrogen in amino-form. 


Table I. 
Glucose Amino-N 

Days % % Pu 

0 1-08 0-013 8-0 

4 1-11 0-014 8-0 

8 1-14 0-014 8-0 
14 1-14 0-027 7:8 
21 1-15 0-035 78 
34 1-15 0-043 78 


In a second strain, W-4a, isolated in London, Ont., the same pheno- 
menon is apparent but to a less marked degree. In 5 weeks the amino- 
nitrogen rose about 100 %, representing 30 % of the total nitrogen. At this 
point a contamination developed and glucose began to disappear rapidly so 
that the experiment had to be discontinued. 

In another experiment two freshly isolated strains of B. coli, D-2 and D-3, 
were used. Highteen freezings were employed, and cell counts were made 
after every third. For enzyme study the mortality was more than sufficient 
and sterility was obtained by Berkefeld filtration after centrifuging. Table II 
represents the concentrations of the living cells after successive freezings. 
Incubation was occasionally resorted to in an effort to accelerate the death 
rate and this probably accounts for the irregular figures in strain D-2. 


Table IT. 
Strain D-2 Strain D-3 
| co CS 
Freezings Cell count* Death rate Cell count* Death rate 

0 2-0 x 10° 0 1-7 x 10° 0 

3 1-5 x 108 92 5-6 x 108 67 

6 1-9 x 108 91 2-5 x 108 85 

9 2-2 x 108 89 7-0 x 10? 96 
12 2-8 x 108 86 3-6 x 10? 98 
15 1-1 x 108 95 4-0 x 105 99-9 
18 8-0 x 10° 99-9 1-0 x 10° 999 


* Number of living cells per ce. 


The results of the fermentations are shown in Tables III and IV. At 
Pu 6-8 there was a slight increase in amino-nitrogen, while at py 5-8 there 
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was no appreciable change. The hydrogen ion concentration might thus be 
taken to be beyond the range of enzyme activity. 


Table ITI. 


Glucose Amino-N 
Days % % Pu 
0 0-80 0-013 6-8 
7 0-81 0-014 6-8 
14 0-87 0-015 6-8 
21 0-88 0-016 6-8 
35 0-88 0-019 6-8 
63 0-87 0-020 6-8 

Table IV. 

Glucose Amino-N 
Days % % Pu 
0 0-83 0-014 5-5 
7 0-83 0-015 5-6 
14 0-86 0-015 5-8 
21 0-86 0-015 5:8 
35 0-84 0-015 5-8 
63 0-86 0-015 5-8 


From Table II it would seem possible and desirable to attempt a fermen- 
tation after most of the bacterial cells had been destroyed by a short series 
of freezings. This experiment was tried using a strain, D-4, freshly isolated 
from a sample of water. Seven freezings were carried out in 2 hours. The 
concentration of living cells at the start was 3-4 x 10 per cc. and at the 
end of the freezing period 5-6 x 108 per cc. There were thus 0-0002 % of the 
original cells still alive. Table V represents the results of the analysis and 
reveals a slight peptonase action but no change in the glucose present. 


Table V. 
Glucose Amino-N 
Days % % Pu 
0 1-37 0-:0096 7-3 
7 1-35 0-0098 7:3 
14 1-35 0-0130 73 
35 1-34 0-0130 7-2 


On account of possible peptone hydrolysis in slightly alkaline media it 
was necessary to prove that the observed hydrolysis was not due to the 
influence of hydroxyl ions. Consequently two controls were carried out using 
saline solution in place of bacterial emulsion. Table VI shows that there is a 
slight hydrolytic effect at p,, 7-8 over a period of 7 weeks. The amino-nitrogen 
percentage of the total nitrogen began at 9-4 and rose to 11-7. This change is 
insignificant as contrasted with the previous ones. 


Table VI. 
Glucose Amino-N 
Days % % Pu 
0 1-35 0-0078 7-7 
7 1-34 0-0083 7-8 
17 1-38 0-0096 78 
1-33 0-0100 7-8 
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At py 7-2-7-4 there was no change after 9 weeks. 
The above experiments indicate the presence of a peptone-splitting enzyme 
acting at py 7-8. 


Effect of phosphate on the fermentation. 


The failure to produce a decomposition of glucose in the previous experi- 
ments might have been due to the absence of phosphate in the medium. An 
experiment was tried using an emulsion which had been frozen eight times, 
representing a death-rate of 93%. The original concentration of bacterial 
cells was 4-8 x 1012. The material was then filtered through a Berkefeld candle. 
Phosphate was added in equimolecular proportion to the glucose present, as 
a mixture of the di-sodium and mono-sodium salts. The results of two hydrogen 
ion concentration levels are shown below. 


Exp. 1 Exp. 2 
<n 
Glucose Glucose 
Days % Pu % Pu 
0 1-86 8-4 1-68 7-2 
7 1-73 8-4 1-66 7-2 
14 1-73 8-4 1-67 7-2 


The media were next analysed for free and total phosphate in order to 
discover whether any phosphoric-esterase was present. The total phosphate 
was estimated gravimetrically after moist ashing with sulphuric acid and 
potassium nitrate, precipitation as ammonium magnesium phosphate and 
ignition to magnesium pyrophosphate. The free phosphate was precipitated 
directly by means of magnesia mixture and the precipitate ignited to mag- 
nesium pyrophosphate. The results were as follows: 


Exp. 1 Exp. 2 
Total phosphate (as % P) 0-204 0-320 
Free phosphate (as % P) 0-191 0-311 


These results show no esterification with glucose. 


Experiments with cellular emulsions. 


The methylene blue technique of Thunberg lends itself very well to a study 
of glucose decomposition of this kind. In the light of the work of Quastel 
and his co-workers it was decided to test the effect of death by the freezing 
and thawing method on the dehydrogenation of glucose and its decomposition 
products. 

A thick emulsion was prepared in the manner described above; the cells 
were centrifuged down and washed twice with saline solution. They were then 
suspended in 50 cc. of saline and aerated for 3 hours, following the procedure 
of Quastel and Wooldridge [1927]. An initial experiment was tried on a 
cellular extract obtained after 13 freezings. Using a slightly modified Thunberg 
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tube the solutions were mixed in the following order, and tested anaerobically 
at 37°, 

2 cc. phosphate buffer solution (Clark and Lubs, py 7:5), 

2 cc. hydrogen donator (0-1 N), 

1 cc. bacterial extract or emulsion, 

1 cc. methylene blue solution (0-02 °%). 
All the tubes were connected to the same pump and evacuated as quickly as 
possible after mixing. When evacuation was complete the tubes were filled 
with nitrogen and the evacuation was repeated. Glucose, sodium succinate 
and sodium formate were used as donators, but did not decolorise the solution 
in 24 hours. On the other hand the original washed emulsion decolorised 
the solution in 3 minutes with succinate, thus associating the catalyst with 
cell stroma. 


Table VII. 


Time of decolorisation 


(mins. ) 
Cell count Living cells 
Freezings per ce. % Succinate Glucose 
0 7-2 x 10% 100 14 22 
2 1-4 x 10° 0-002 10 25 
4 1-0 x 10° 0-0014 7 120 
6 5-0 x 108 0-0007 9 600 
8 2-5 x 108 0-00035 9 ~ 
10 4 x10 0-0000006 14 _- 
12 2 x10oe§ 0-0000003 15 _ 
14 1-5 x 105 0-0000002 15 _ 


The effect of repeated freezing and thawing on a washed emulsion using 
lucose and succi ; donators is shown in Table VII. Th d 
glucose and succinate as donators is shown in Table VII. The same procedure, 
applied to decinormal solutions of formate, acetate, lactate and alcohol, was 
tried as shown in Table VIII. 


Table VIII. 


Time of decoloration (mins. ) 





Cell count — A — 
Freezings per ce. Formate Acetate Lactate Alcohol 

0 2-0 x 10% 2 45 7 28 

2 1-6 x 104 4 50 — 29 

5 4-0 x 10° 12 180 — 130 

7 2-1 x 10? 4 — _— — 

9 1-5.x 106 3 _— — —_ 
12 4-0 x 105 4 — _ — 


This result is interesting in that it exhibits a marked difference between 
the concentration of living cells, or more correctly those possessing the power 
of division, and dehydrogenase activity. There is a loss of the former con- 
siderably before the latter in the instances of glucose, acetate and alcohol. 
The lactate mechanism is very easily disturbed. Formate is in a class with 
succinate, confirming the observation of Quastel and Wooldridge [1927]. 
After the twelfth thawing succinate was also tested and found to decolorise 
methylene blue in 23 minutes. Now the emulsion of living and dead organisms 
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was centrifuged for about an hour in a high speed centrifuge to remove cell 
stromata. The supernatant liquid was decanted and its dehydrogenase power 
tested on all donators. Succinate alone decolorised the dye present in 70 
minutes. Unfortunately the living cell concentration in this liquid was not 
counted, but it may be assumed to have been very low. This is the only 
experiment suggestive of a stable extractable dehydrogenase independent of 
cell stroma. 

The effect of toluene as an antiseptic has also been tried with all donators 
on the fresh emulsion with a result identical with that of the freezing technique 
confirming the observations of Quastel and Wooldridge. The mechanism 
of oxidation of succinate and formate is unaffected, while that of lactate, 
acetate and alcohol is destroyed. , 

Several experiments have clearly shown in the behaviour of hydrogen 
donators an increased enzymic power after the early freezings and thawings. 
This has been observed especially in the case of succinic acid as will be seen 
in Table VII, but also with other donators as shown below from another 
experiment. The difference is slight but consistent and beyond the probable 
experimental error of about 5 % as determined by Eadie [1928]. The sig- 
nificance of this observation will be discussed later. 


Time of decoloration (mins.) 
x 





c > 

Freezings Lactate Formate Acetate 
0 17 14 17 
2 14 10 15 


In certain experiments a phenomenon has been observed which is well 
illustrated in Table VIII in the formate column. In the cases of succinate 
and formate with progressive freezings and thawings the time of decoloration 
of methylene blue increases temporarily. Now if the treatment is discon- 
tinued overnight and the emulsion placed at 0°, it will be found that in the 
morning the rate has returned to its original value. The meaning of this 
change in rate is not at present clear. 


Discussion. 


The technique of repeated freezing and thawing reveals some interesting 
points. In the above experiments no special effort was made to determine 
the most efficient way of carrying out this process. It is clear from the experi- 
ments using several different strains of the bacillus that most of the cells are 
killed in the first few freezings. The remainder require many more before 
sterilisation is achieved. The explanation is offered that the ice crystals pierce 
the cells, or force out their contents by contact pressure. Microscopic obser- 
vation of the emulsion after repeated freezings shows a fine amorphous material 
quite distinguishable from the few living cells remaining. This material has 
a strong tendency to agglutinate. Both liquid air and solid carbon dioxide 
tend to freeze the saline emulsion to a glassy mass. The best method would 
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be to use an ice freezing mixture causing the formation of numerous 
small crystals. The above explanation is confirmed by the experiments of 
Hilliard, Torossian and Stone [1915], and of Hilliard and Davis [1918], who 
have shown that intermittent freezing and thawing is a more effective germi- 
cidal agency than continuous cold. There would seem to be considerable 
inequality of survival power in different strains of B. coli communis. The 
author, however, mistrusts the present methods of counting bacteria and their 
accuracy. 

It is an interesting fact that the powers of the bacterial cell differ so greatly 
in the oxidative change of glucose and its products after the above treatment. 
There would appear to be two sharply defined groups of hydrogen donators; 
succinic and formic acids on the one hand, and glucose, alcohol, lactic and 
acetic acids on the other. An experimental explanation of these facts is at 
present not available. My experiments point to a natural association of 
dehydrogenase activity with cell stroma and not with cell extract. This is an 
interesting conclusion, particularly if considered in correlation with Quastel’s 
theory of “active centres” [1926]. 

Balancing the experimental evidence, it is justifiable to conclude that 
there are cellular elements which are potentially active under anaerobic 
conditions after the death of the cell. This is certainly true when formate 
and succinate are present and accompanied by a suitable hydrogen acceptor. 
Furthermore, from an inspection of the tables showing the relationship of 
living cells to dehydrogenase activity, there can be little doubt that oxidation 
does continue in all cases for a period after the apparent death of the cell, 
varying with the substance available for oxidation. It is pertinent to point 
out, however, that the use of the term death is based on an assumption, 
dependent on the method of counting used. Cells are counted by their power 
to divide and produce colonies. It is conceivable, if not probable, that freezing 
and thawing might inhibit the power of reproduction, but not the power of 
causing dehydrogenations. Thus the cell would be counted as “dead,” whereas 
it might still be very much “alive” chemically. 

In some of the experiments given above, during the first few freezings, 
there was an increased rate of dehydrogenation. If our explanation of the 
freezing technique is true there must be an increase in the surface of cell 
stroma. It should approximately double and the rate should do likewise if 
both sides of the membrane are equally active. This will be seen to be so in 
Table VII. 

That the lactic acid dehydrogenase at least can be dissociated from stroma 
surface has been shown by Stephenson [1928], but this is the only active 
factor which she could obtain, and that by the process of autolysis of cell 
emulsions. It is significant that at the present time three different methods 
of approach to this problem have resulted in failure to obtain active extracts 
in respect to glucose decomposition; firstly, toluene antisepsis [Sturges and 
Rettger, 1922]; secondly, autolysis [Stephenson, 1928]; thirdly, freezing and 
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thawing, as in the present paper. It may not be a question of technique at 
all, but due to a disturbance of the physico-chemical relationships of the 
enzyme in the cell disabling its activity. The present paper, however, gives an 
answer to the opening question in terms of a definite technique. The “dead” 
organisms are active under anaerobic conditions. This general conclusion agrees 
with that of Cook and Stephenson [1928], using different technical methods 
and deduced from aerobic studies. 


SUMMARY. 


Emulsions of B. coli communis have been prepared from stock cultures by 
growth on nutrient broth and agar, attaining concentrations of about 5 x 10!” 
cells per cc. These cells have been destroyed by repeated freezings and thawings 
over a period of several hours, cellular debris has been centrifuged off and the 
cellular extract passed through a Berkefeld candle. This liquid has been tested 
for its enzymic activity on certain substrates anaerobically at 37°. It 
hydrolyses peptone at p, 7-8. It does not decompose glucose in the absence 
or presence of phosphate, and no hexosephosphate is formed. 

Correlating studies of cell death by the freezing method with rate of 
methylene blue decoloration by the Thunberg technique have shown that 
dehydrogenase activity on succinic and formic acids is independent of living 
cell concentration, but associated with cell stroma. Dehydrogenase activity 
on acetic acid, lactic acid, alcohol and glucose has been shown to be tem- 
porarily independent of living cell concentration, but is rapidly destroyed by 
the freezing technique. 

Toluene has been shown to act in a similar manner towards dehydrogenase 
activity. 

The general conclusion is drawn that glucose and its fermentation products 
may be oxidised (dehydrogenated) by “dead” organisms, judged by their 
reproductive powers, as well as by living. 
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In 1915 Paton and his co-workers concluded from their investigations of 
tetany in children, and of the effects of guanidine poisoning and para- 
thyroidectomy on animals, that the function of the parathyroids is to control 
guanidine metabolism, either directly or indirectly by their influence on 
calcium metabolism [Paton, Findlay and Burns, 1915; Burns and Sharpe, 
1916]. Numerous observations have indicated that tetany in children is 
often accompanied by rickets, active or healing [Paton and Findlay, 1916]. 

According to MacCallum and Voegtlin [1909], Howland and Marriott [1917], 
Greenwald [1913, 1924], Watanabe [1918] and Korenchevsky [1922, 2], para- 
thyroidectomy, idiopathic tetany, guanidine poisoning and rickets are all 
associated with disturbances in calcium and phosphorus metabolism, and 
usually with changes in the calcium and inorganic phosphate content of the 
serum. The healing of rickets may be brought about by various conditions, 
such as starvation [Cavins, 1924; Dutcher, Creighton and Rothrock, 1925], 
or by the simple addition of phosphate (K,HPO,) to the diet, which also 
increase the serum-phosphate [Karelitz and Shohl, 1927]. In the latter case 
healing of rickets is often accompanied by tetanic spasms. 

Luce [1923] produced low-calcium rickets in rats by using a diet low in 
calcium, and found that the parathyroids were markedly enlarged, and 
Higgins and Sheard [1928] found a similar hyperplasia of these glands in 
chicks reared under conditions giving a deficient supply of light of the shorter 
wave-lengths. The parathyroids therefore seem to be involved in the same 
series of metabolic changes as influence bone development. More direct 
evidence of this connection is found in clinical literature and in the experi- 
ments of Korenchevsky [1922, 1] and Hammett [1927]. Dawson and Struthers 
[1923] described a case in which a parathyroid lesion was found in conjunction 
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with marked softening of the bones and widespread calcareous deposits in 
the soft tissues: Korenchevsky [1922, 1] reviewed the literature up to that 
time and showed the evidence to be very conflicting. He reported the results 
of his own investigation in which 35 rats were examined. He found that 
parathyroidectomy caused the teeth of rats on complete diet to become 
opaque and brittle, but had no effect on the bones of rats on complete diet, 
nor on diets deficient in fat-soluble vitamins, in calcium or in both. 

Hammett [1927] examined a large number of rats parathyroidectomised 
at different ages and killed when 150 days old. He found that body and bone 
growth were proportionally retarded in the parathyroidectomised animals. The 
composition of the bones of the operated animals was approximately like that 
of the bones of younger normal animals, but in the females and in the males 
operated on before puberty there was a slight but definite retardation in 
deposition of mineral substances relative to the deposition of water and 
organic matter. As a result the percentage of ash in the bones of the operated 
group was on an average about 9 % less than in the control group. This 
difference was small, but was probably significant, as it was derived from a 
very large number of observations. No gross rachitic or osteomalacic 
changes were reported. 

The experiments of Korenchevsky and Hammett therefore do not support 
the idea that parathyroidectomy or reduced activity of the parathyroids will 
be followed by development of marked bone disease. 

Supporters of the guanidine intoxication theory of tetany consider that 
the parathyroids control calcium metabolism indirectly by regulating the 
metabolism of guanidine. Lowering the activity of the parathyroids increases 
the guanidine in the blood and decreases the serum-calcium, also causing 
a retention of calcium and phosphorus. 

It was considered that if the excess guanidine present in the blood in 
tetany is the primary cause of the other changes noted, then regular injection 
of sub-lethal doses of guanidine ought to simulate a condition of depressed 
parathyroid activity, and if this should cause an increased activity of the 
animal’s parathyroids owing to an attempt at compensatory action, gradually 
increasing the dose of guanidine as the animal increased in size might secure 
a permanent condition comparable to lowered parathyroid activity. 


EXPERIMENTAL. 


The experiments carried out had a two-fold object: 

(1) to determine whether guanidine injection would bring about deposition 
of calcium in the bones of animals in which deficient diets had caused deficient 
calcification as indicated by X-ray examinations; 

(2) to determine whether guanidine injections would cause deficient 
calcification of bones in growing animals on various diets. 
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Four diets were used in these experiments. 

(1) Steenbock’s modification of McCollum’s rachitic diet [Steenbock and 
Black, 1925]. 

(2) The fat-soluble vitamin A- and D-free diet described by Drummond 
and Coward [1920]. 

(3) A mixed diet consisting of bread, milk, meat, fish, cheese, cereals and 
fresh vegetables. This varied somewhat from day to day but was always used 
minced and well mixed so that each group of rats received the same mixture. 

(4) Steenbock’s stock diet [Bethke, Steenbock and Nelson, 1923]. 

Guanidine was given in a daily dose of about 0-2 g. of the base per kg. of 
body weight. The solution used was equivalent to 0-32 N guanidine (guanidine 
carbonate was dissolved in lactic acid and made neutral to phenol red). Doses 
of 0-5 to 2-5 cc. of this were given to the rats according to the size of the animal. 

In one experiment the control group of animals received the same quantity 
of saline solution (0-7 % NaCl in tap water) and another group received the 
same quantity of ammonium lactate solution, equivalent to 0-33 N ammonia 
(made by dissolving ammonium carbonate in lactic acid and making neutral 
to phenol red). 

The injections were all made intraperitoneally. 

The rats used were from Wistar stock and were purchased from Messrs 
Glaxo. 

Examination of bones. Histological examination of the rib-junctions of 
representative members of all the groups was made on embedded (haema- 
toxylin) and frozen (Von Kossa) sections. 

Chemical examination of the bones was carried out by dissecting out the 
leg and thigh bones of the two hind legs and determining the ash, fat, water, 
organic residue, and calcium and phosphorus of ash as described by Chick, 
Korenchevsky and Roscoe [1926]. 

In one experiment one upper incisor tooth was taken from each rat and 
the combined teeth of the control rats and the experimental rats were analysed 
respectively for ash, calcium, phosphorus and magnesium. 

The results of these experiments may be considered in three groups. 

Series (a). Experiments in which the animals were fed on a deficient diet 
until marked deficiency in bone calcification was brought about, when the 
injection of guanidine was made at a time during which control and experi- 
mental animals were all either stationary in weight or losing weight. 

Series (b). Experiments in which the guanidine injections were started in 
young animals, and in which the body growth and the final weights of the 
bones examined were approximately equal for both injected and non-injected 
animals. 

Series (c). Experiments in which the guanidine injections were started in 
young animals and in which the growth of the injected animals was markedly 
inferior to the growth of the non-injected animals. 
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Series (a). Experiments on rats of stationary or decreasing weights. 


(1) In this experiment a group of 14 rats, 5 weeks old, were put on Steen- 
bock’s rachitic diet. After 6 weeks, during which the rats made varying but 
never good growth, they were examined by X-rays. All but one showed marked 
rickets. This one was discarded. One of the animals which was shown to be 
rachitic by the X-ray examination was killed and the bones examined 
histologically. The zone of proliferating cartilage was markedly disorganised 
and the epiphyseal junction was free from calcium. 

Three rats were kept as controls, three were given guanidine injections on 
alternate days, three were given 0-5 cc. of cod-liver oil daily and three were 
given 1 g. daily of a preparation (N) known to contain vitamin A, but to be 
poor in vitamin D. After the injection on the eleventh day the three injected 
animals died and the others were killed. 

The results of this experiment are given in Table I. 


Table I, 
Arrangement of Deposition of calcium 
Treatment cartilage cells in cartilage 
Controls No improvement Scattered deposits in two rats 
0-5 cc. cod-liver oil Most marked improvement. Complete line of Ca deposited 
Almost normal 
Guanidine injection No improvement None 
Preparation N No improvement None 


The guanidine injections had in no way helped to bring about deposition 
of calcium in the cartilage of rats. 

(2) A litter of 8 rats was kept on a standard vitamin A- and D-free diet 
[Drummond and Coward, 1920] for 16 days after which their weight was 
expected (from other experiments) to be approximately constant. Four rats 
(3 females and 1 male) were then given injections of guanidine on alternate 
days, and four females were kept as controls. Of the injected females one 
died after 21 days and three after 23 days. The controls were then killed. 

Histological examination revealed a condition of osteoporosis [Hess, 
McCann and Pappenheimer, 1921] in all the animals of both groups, with no 
consistent differences between the groups. The average chemical composition 
of the bones of the rats in both groups was very closely similar. In Table II 
is shown the chemical composition of the bones of the control group, and the 
mean values for the guanidine group. The variations round the mean were 
very similar in both groups. 

Table II. Series (a). 
Exp. 2. A- and D-free diet. 


Organic Ca % 

Treat- Ash Water residue Fat Ca% P% (fresh Change Bone 

Rat Litter ment % (A) % % (R) % (ash) (ash) bone) A/R_ Ca/P in wt (g.) wt (g.) 
1872 X Control 258 47-4 225 43 385 166 10:0 1:15 2:32 +4 1-350 
188° 23-0 47-3 23:0 63 37:9 174 87 1:00 2:18 -5 1-257 
18992 28:1 44-7 23:9 3-3 37-6 183 10-7 1:17 2:06 +6 1-237 
190° 29-6 429 242 33 36-7 17-4 10-8 1-22 2-11 +2 1-248 
Mean 26-6 45:7 23:4 43 37:7 174 100 1:13 2:17 +2 1-273 
Mean X Guanidine 27:3 442 239 45 363 17:77 99 1:14 2:06 +5 1-303 


(191-1949) injections 
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There was no evidence of either deposition of calcium or withdrawal of 
calcium from the bones owing to the influence of the guanidine injections. 
Neither group made any appreciable growth during the injection period. 


Series (b). Experiments in which the rate of growth in injected 
and non-injected rats was approximately equal. 

In these four experiments young animals were given a standard diet (as 
indicated respectively for each experiment), and one group was given injections 
of guanidine on alternate days from the beginning of the experiment, whilst 
their litter mates were kept as controls. 

Exp. 1. Twenty-four young rats, about 5 weeks old and receiving the 
average mixed diet as previously described, were divided into four groups 
each containing six rats. The litters were represented as fairly as possible in 
each group. 

One group was kept as control; the second group was given guanidine 
injections, the third received a daily allowance of 0-03 g. of dry extract of 
anterior pituitary! (this was given mixed with 0-5 g. of pea-flour, which, 
without the pituitary, was also given to the other groups); the fourth group 
received pituitary extract and guanidine injections. After two injections two 
rats from the latter group died. Two more rats from one of the litters used 
were still available, and these were therefore added to the fourth group to 
replace those which had died. After the second injection however these 
two also died. No further rats were available, and so the experiment was 
continued with only four rats in this group. This heavy rate of mortality (four 
out of eight rats) seemed to indicate that the pituitary extract reduced the 
resistance of the animals to guanidine, but this effect may have been only 
a coincidence. 

After 5 weeks, one male and one female from each group were killed and 
the bones examined histologically and chemically. The bones were normal in 
structure and closely similar chemically. After a further 7 weeks the remaining 
animals were killed and examined. There was no consistent difference in the 
histological appearance of the bones, which were all normal. 

The results of the chemical examination are included in Tables III and V. 

Exp. 2. Thirty-two rats were fed on Steenbock’s stock diet and were 
divided as follows: Seven males and five females were given injections of normal 
saline solution. Seven males and five females (litter mates of the above) were 
given injections of guanidine solutions and four males and four females chosen 
from the same litters were given injections of ammonium lactate. The experi- 
ment was begun when the rats were 5-6 weeks old and was continued for 
13-14 weeks. The growth of all the groups was very similar. The most striking 


1 It was thought that the pituitary extract might stimulate bone growth and help to reveal 
or emphasise the influence of guanidine, although Smith [1923] found no effect on growth rate 
following the oral administration of pituitary extract. The evidence relating to its possible 
influence on growth is, however, very conflicting (Schafer, 1912; Dott, 1923]. 
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fact amongst these animals, however, was the development of a skin disease 
in all the members of the guanidine group. The hair fell off in patches, giving 
all the usual appearances of the skin disease following lack of vitamin A, but 
in no case did any indication of eye disease appear. This was the only case 
we have ever known in which the disease appeared in animals on a complete 
diet. No other rats on any diet in the animal house at this time developed 
the disease. The experiment was continued till ten of the animals receiving 
guanidine died. Their controls and the other two animals in the guanidine 
group were then killed. 

The histological appearance of the bones in these groups was normal. The 
results of the chemical analyses of the bones of these animals are given in 
Tables IV and V. 

Exp. 3. The diet used in this experiment was the vitamin A- and D-free 
diet described by Drummond and Coward [1920]. Two litters of rats were 
used, one containing four females and the other containing three females and 
six males. Two of the four females (7 weeks old) were kept as controls and two 
were given guanidine injections; the second litter (5 weeks old) was divided 
so that two males and one female were kept as controls and four males and 
two females were given injections. These animals were all bred in the spring 
and seemed to have considerable stores of vitamin D as they were able to 
make fair growth, whether receiving injections or not, with the exception of 
one female in the guanidine group from the litter of nine, which will be 
considered in Series (c), Exp. 1. All the animals developed skin disease and 
those in the guanidine group could not be said to differ markedly from the 
controls. The two rats from the litter of four died after receiving injections for 
3 weeks, and their controls were killed. The animals belonging to the other 
litter survived for 5 weeks during which they received injections. 

The histological examination of bones from these animals showed no 
differences between the two groups. All the bones were the typical osteoporotic 
bones of animals on diets deficient in vitamins A and D [Hess, McCann and 
Pappenheimer, 1921]. 

The chemical analyses are contained in Tables III and V. 

Exp. 4. In this experiment young rats were fed on Steenbock’s rachitic 
diet, but after 6 weeks no signs of rickets were present as revealed by X-ray 
examination. One rat was killed and examined chemically and was found to 
have bones of fairly normal composition for its age. It was felt that the 
animals could still retain only very small stores of vitamins, and they were 
therefore divided into two groups, of which one was given guanidine injections. 
It was thought that the guanidine injections might intensify the effect of the 
mild deficiency in vitamins and produce detectable bone changes. One male 
receiving guanidine grew about as well as its litter mate control (31 and 39 g. 
respectively) but the females showed marked retardation of growth and will 
be considered in Series (c), Exp. 2. The results of the chemical analyses of the 
bones of these two males are shown in Tables III and V. 
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Table III. Series (5). 
Ash % A/R Weight increase (g.) 


A 





ee ey, | fe \ 
Litter Sex Control Guanidine Control Guanidine Control Guanidine 
Exp. 1. Mixed diet. 























K 3 34-1 30-2 1-48 1-40 150 135 
2 36-3 34-1 1-57 1-41 108 112 
U 3 34-1 31-3 1-45 1-27 150 159 
2 33-8 31-8 1-40 1-32 ‘ 105 98 
Mean 34-6 31-8 1-48 1-35 128 126 
Exp. 3. A- and D-free diet. 
A 3 22-0 18-0 — _ 31) 25 
23-5 20-7 oe — 42) 47 
se 19-0 — — — 39 
om 22-7 — — _ 47 
9 26-0 21-8 = — 36 36 
Mean 23-8 20-4 = — 36 39 
B 2 29-6 26-4 1-33 1-13 23 25 
30-4 25-4 1-26 1-17 29 22 
Mean 30-0 25-9 1-29 1-15 26 23 
Exp. 4. Steenbock’s rachitic diet. 
Z 3 36-2 33-1 1-60 1-44 39 31 
Table IV. Series (0). 
Exp. 2. Steenbock’s stock diet. 
Ash % A/R Weight increase (g.) 
c , a ‘ 1 ae , 
Ammo- Ammo- Ammo- 
Guani- nium Guani- nium Guani- nium 
Litter Sex Saline dine lactate Saline dine lactate Saline dine lactate 
y 3 47-7 41-9 — 1-97 1-87 —_ 135 115 — 
45:8 41-8 — : 2-05 1-87 — 116 120 _— 
Mean 46-7 41-85 — 2-01 1-87 “= 125 117 — 
‘: , ox [43-2 a a 1-86 ‘ (153 
R 3g 414 442% [785 169 1-98 { 137 «105163 { 188 
“ (43-1 45-0* 2. f1-93 (1-94 : 109 {147 
Bi, 3S (42-2 {49.0 1 isi (jn —OTS? {137 j123 «= «8 
B 3 44-0 40-8 —_— 1-91 1-61 -- 117 114 — 
N 3 42-9 38-1 41-7 1-83 1-65 1-85 137 114 142 
Mean 42-7 42-0 42-7 1-83 1-76 1-86 119 132 135 
R 2 41-1 37-8 42-2 1-78 1-59 1-84 100 97 107 
5 «(44002 42-0 9 {187 1-79 (83 80 
B, 2 j4a8 398 3 jre7 1-73 97 igs 90 73 
B Q 41-0 38-4 — 1-72 1-69 _— 92 70 ~- 
7 ; (40-9 fe - (1-81 ; (109 
N 2 40-4 36-7 140-9 1-68 1-61 11-79 104 102 {104 
Mean 42-0 38-9 41-3 1-78 1-68 1-80 92 88 98 


* Very resistant to guanidine. 


In Tables III and IV are set out the percentage ash of the fresh bone and 
the A/R ratio as defined by Chick and Roscoe [1926] for the bones from 
twenty control animals on various diets, and from twenty-four of their litter 
mates on the same diets, but receiving injections of guanidine. In none of 
these groups could any consistent effect of the guanidine on the growth of the 
rats be detected. 
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Table V. Series (b). Mean values for each group. 


Ash Organic Ca% Weight Bone 
% Water residue Fat Ca% P% (fresh gain weight 
Treatment (A) % %(R) % (ash) (ash) bone) A/R Ca/P (g.) (g-) 
Exp. 1. Mixed diet. 

Controls 346 38:3 23-5 5 375 17:0 129 1-48 
Guanidine 318 40-2 23-6 4 373 183 11-9 1-35 
injections 

Exp. 2. Steenbock’s stock diet. 
Saline injec- 42-4 314 23-6 
tions 

Guanidine 40-4 32:5 233 
injections 

Ammonium 42:0 32-1 23-0 
lactate in- 

jections 

Exp. 3. Vitamin A- and D-free diet. 
Controls 23-8 42:9  33-3* 
Guanidine 20:4 46-7 32-8* 
injections 

Controls 30:0 388 23-1 
Guanidine 25:9 43:9 22-5 
injections 

Exp. 4. Steenbock’s rachitic diet. 
Control 36:2 38:5 22:7 2-6 — 
Guanidine 33-1 41:2 23:0 27 

injections 


‘21 128 = 1-853 
2:04 125 1-882 


* Organic residue and fat. 

(The degree of variation round the mean in each group was throughout of the same order as 
is indicated for the values for ash in Tables III and IV.) 

In the case of twenty out of the twenty-four rats, there is a slight but 
regular decrease in the ash percentage of the fresh bone, as compared with the 
controls, and a slight decrease in the A/R ratio. Two out of the four rats in 
the guanidine group which failed to show this decrease showed an actual 
increase in ash percentage. These rats displayed a special resistance to 
guanidine. A dose of guanidine, which killed the remaining five males in their 
group in a few hours in acute tetanic convulsions, produced no symptoms 
whatever in them, except perhaps slight excitement. No other consistent 
influence of guanidine injections on bone growth or composition could be 
detected. 

If the influence of injections of ammonium lactate solution be considered, 
it is found that the ash percentage of the fresh bone is slightly raised in three 
cases, slightly lowered in two cases, and unchanged in three cases when 
compared with that of their litter mates receiving normal saline at the same pq. 
The A/R ratio is likewise not consistently changed. 

If the eight rats receiving ammonium lactate are compared with their 
litter mates receiving guanidine, it is seen that in five cases out of the eight 
the ash percentage of the bones of the rats receiving guanidine is lower than 
in their litter mates receiving ammonium lactate. The remaining three which 
showed no such decrease were the same as those which showed no decrease 
when compared with their litter mates receiving normal saline. 


Biochem. 1929 xxur 54 
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These results seem to indicate that sub-lethal guanidine intoxication exerts 
a slightly retarding influence on the process of ossification, but the influence 
can only be detected by restricting comparison to litter mates; it would appear 
that, at any rate in the rat, parathyroid activity exerts no great control over 
calcium metabolism in ossification by the control of guanidine metabolism. 

The analysis of the teeth did not demonstrate any effect of guanidine on 
the composition of the dry tooth. 

From Table VI it may be seen that the pituitary extract given as already 
described had no consistent influence on either bone or body growth or on 
the rate of ossification, nor could any marked influence be attributed to the 
joint action of the pituitary extract and guanidine. 








Table VI 

» => = i, ~ 
P = <2 4 = = 12 s 
is a = te Ze ae | a Zw = 

A ~ os o &§ os S a — © 
$2 38 8 42 Biss 2 SSB8a GS og Fe 
& 4 = _ q_ F&F O@k 0 HA OFS dM OO Bw AB 
Meanof K& Mixed Controls 34-6 38-3 23-5 3-5 37-5 17-0 12-9 1-48 2-21 128 1-853 

(164-8) U 

1763 K Mixed 0-03g. anterior 33-1 36-4 23-5 7-0 37-6 17-0 12-4 1-41 2-21 132 1-811 
Maas 010 pituitary ex- 32-8 38-0 24-2 5-0 38-0 17-1 12-5 1-35 2-22 162 2-142 
17992 K tract daily 33-8 37-4 24:2 4:5 38-0 16-8 12-9 1-40 2-27 110 1-937 
1802 U 37°83 36-1 23-0 3-1 37-9 17-3 14:3 1-64 2-19 100 1-443 
Mean 34-4 37-0 23-7 4-9 37-9 17-0 13-0 1-45 2-22 126 1-833 
182g U Mixed Pituitary extract 35-8 36-9 23-3 3-9 37-8 17-6 13-5 1-54 2-15 167 2-025 
1859 J + guanidine 38-8 34-5 22-3 4-1 37-5 17-2 14-5 1-74 2-18 106 1-530 
Mean 37:3 35-8 22-8 4:0 37-6 17-4 14:0 1-64 2-17 136 1-777 


Series (c). Experiments in which the growth of the injected animals was retarded. 


Retarded growth in animals which received injections was only noted 
where the diet used was deficient in vitamins. 

Exp. 1. The animal considered here was a female of the litter of nine 
described in Series (6), Exp. 3. This female only made a growth of 13 g. during 
a period in which the control female grew 36 g. and, as is shown in Table VII, 
there was no decrease in the percentage of ash in the bones of this animal 
compared with its control. 

Exp. 2. Details of the animals in this experiment have been given in 
Series (b), Exp. 4. Four females receiving guanidine showed marked retarda- 
tion of growth compared with their controls and died after 3 weeks’ injections. 
Consideration of their growth curves however showed that in each case this 
retardation of growth had started to a slight degree about a fortnight before 
the injections were given. It is therefore probable that the injections did not 
initiate the retardation of growth, but rather emphasised the retardation 
which had already begun. Nevertheless the final result was a group of females 
definitely smaller than their litter mate controls, with markedly smaller bones, 
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but no consistent difference in the ash content or A/R ratio of their bones as 
compared with the controls (Table VII). 


Table VII. Series (c). 








s z a se a =) ‘e 
6 ~ o~ of, a nD — ~— 
2 8 ae a8 eS = ae 
i 8 3 ~ £ ae Fe x eige & Be Bh 
= = 2 a S$ Paar dae ° atee gg ca Se 
= = a qq FOLD RO A OSB AT OO EH AF 

Exp. 1. Vitamin A- and D-free diet. 
2262 A Control 26:0 40:0 34:0* — 38:1 — 99 — — 36 1-266 
2239 A Guanidine in- 25-6 37-9 36-5* — 363 — 93 — — 13 1-099 

jections 
Exp. 2. Steenbock’s rachitic diet. 

1532 Z Control 33-3 40-7 229 31 — — — 145 — 26, 1-620 
14692 P 35-7 39-3 22-8 2:2 — — — 1:57 — 28 1-587 
Mean 34:5 40:0 22-8 2:7 — — — 151 — 27 1-603 
15292 Z Guanidine in- 36-3 37:7 23:9 21 — — — 149 — 4 1-259 
15492 Z jections 33:3 40-5 23-4 2:77 — — — 141 — 13 1-450 
144° P 33-1 40-1 23-7 31 — — — 140 — 19 1-270 
14592 r 36-2 38-7 22-7 24 — — — 159 — 15 1-298 
Mean 34-7 39-2 23-4 26 — — — 147 — 13 1-319 


Exp. 3. Vitamin A- and D-free diet. 
195-197 X&F Non-irradiated 20-3 50-1 22-9 6-6 36-2 18-9 7-3 0-89 1:92 17 0-991 
23g &19 and non-in- 
jected 
2033 & X&F Irradiated but 25-3 48-1 22-3 4-2 36-8 17-2 9-3 1-13 2-13 
206° non-injected 
3g &22 X&F Irradiated and 24-9 45-6 22-2 7-2 36-4 18-3 9-1 1-11 1:99 34 0-987 
received guani- 
dine injections 
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* Organic residue and fat. 


Exp. 3. This experiment was designed to test the effect of guanidine 
injections on rats receiving vitamin A- and D-free diet, but also receiving 
irradiation from a K.B.B. mercury vapour lamp. 

Ten rats drawn from two litters were divided as evenly as possible into 
two groups of five each and treated as follows. 

Control groups A (3 rats) and B (2 rats), vitamin A- and D-free diet. 
Group B received irradiation for the first 3 days of the experiment for 
5 min. at 3 ft. from a K.B.B. mercury vapour lamp. 

Experimental group (5 rats), diet and irradiation as in control group B 
together with daily injections of the standard amount of guanidine lactate. 
The experiment lasted until the death of the animals in this group 3 weeks 
later. 

It was evident that irradiation on each of 3 days had-produced a marked 
effect on the growth capacity of the rats. The two controls which had been 
irradiated (Group B) grew 56 and 58 g. respectively during the 3 weeks. The 
five rats which had been irradiated and received injections of guanidine made 
an average growth of 34g. while during the same period the three animals 
which were neither irradiated nor injected (Group A) only made an average 
growth of 17 g. 


54—2 
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The weights of the bones in the case of the irradiated controls were markedly 
higher than for the other two groups, which were very close together. Thus 
although body growth was greater in the case of the irradiated and injected 
animals than in the case of the non-irradiated and non-injected animals, bone 
growth was equally retarded in the two latter groups. 

Histological examination of the bones of the three groups showed that the 
bones of the irradiated control animals were well formed for the age of the 
rats, and no very marked differences were detected in the injected and 
irradiated group except that the bones were decidedly smaller. The bones of 
the non-irradiated and non-injected group were however typically osteoporotic. 

The chemical analyses of the bones of the three groups is given in Table VII. 
(Variations round the mean values were of the same order in Exps. 2 and 3.) 
There was no difference between the ash percentage in the irradiated and 
injected group and the irradiated control group, nor was there any difference 
in the A/R ratios. The ash content of the non-irradiated and non-injected 
group was markedly less and the water content correspondingly higher than 
in the other two groups, and the A/R ratio was decidedly lower. Thus it seems 
that when the rate of growth is definitely less in the injected than in the 
non-injected groups the smaller bone formed in the injected animals is ossified 
as well as the bone in the controls. 

This experiment is also interesting as indicating that three daily irradiations 
of 5 min. may have such influence on the rate of ossification that the ash 
content in the irradiated animals is 25-3 % as against 20-3 % in the non- 
irradiated group, and that three daily irradiations of 5 min. have a more 
marked effect on the rate of ossification of the bones of rats on vitamin A- and 
D-free diet than have injections of guanidine on alternate days over a period 
of 5 weeks (Series (6), Exp. 3). 


DISCUSSION. 


The deposition of mineral substances in the bones may presumably be 
influenced in two different ways, either by factors which limit the supply of 
calcium and phosphate available for bone growth or by factors which directly 
affect the bone cell and render it unable to take up available salts. Since 
ossification is able to proceed normally in the bones of animals receiving 
guanidine injections but not making as good growth as the controls, it seems 
improbable that guanidine is directly and specifically toxic to the bone cells, 
but rather that it acts by decreasing the availability of the calcium of the 
blood, either by facilitating excretion, or by causing excessive deposition of 
calcium in the soft tissues, or by some change in the form of the calcium in 
the blood. Where bone growth is limited even this limited supply of available 
calcium may suffice to produce normal ossification, but where bone growth 
proceeds normally the calcium lack becomes apparent. 

The interpretation of the results observed is rendered very difficult by the 
fact that, even when the stock is bred on carefully controlled diets over several 
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generations, in any given litter there is considerable variation in (a) body 
growth, (b) bone growth, (c) degree of ossification among animals of the same 
sex. Korenchevsky [1922, 2] gives figures showing this variation in rate of 
growth and ossification, and Bethke, Steenbock and Nelson [1923] found a 
variation of + 5 % in the ash of bones of litter mates on stock diet. The 
variation from litter to litter in closely inbred colonies of rats is even greater 
than in the rats of the same litter. Again it has been noticed throughout the 
experiments that very great differences exist between members of the same 
litters in regard to their resistance to guanidine intoxication. Altogether 
about forty rats on different diets survived the injection of doses of guanidine 
equivalent to 200 mg. of the base per kg. of body weight, for periods varying 
from 3 to 15 weeks. Nevertheless it was invariably found that one or two rats 
from each group died after the first injection in acute guanidine tetany. An 
attempt was made to keep young rats (about 4 weeks old) on Steenbock’s 
rachitic diet, giving one group injections of guanidine, but it was found that 
on this diet injected animals died within a week. Thus it seems that the 
resistance of rats to guanidine intoxication is much influenced by their diet 
and age and that even on a complete diet there is great variation from animal 
to animal of the same age. Despite these variations in the controls it does 
however seem significant that of twenty-four rats in Series (b) receiving 
guanidine, twenty showed a slight but regular reduction in the ash content 
of the bones, two were unchanged and two showed a slight increase as compared 
with the controls, particularly as the two latter animals were extraordinarily 
resistant to guanidine poisoning as evidenced by their survival after double 
the usual dose (Series (b), Exp. 2). 

A difference of 20% in the rate of growth between members of the same litter 
under different treatments is not for the reason indicated above regarded as 
significant. The classification of the animals in certain experiments of Series 
(c) (¢.e. groups in which the animals receiving injections showed retarded 
growth) may appear somewhat arbitrary in view of this statement. The criteria 
adopted in making this distinction however included not only body growth, 
but final bone weight, survival time, and general condition. 

It seems clear that the influence of guanidine toxaemia on bone formation 
is closely related to the general growth of the animals. It is interesting to note 
that Hammett [1926] found that after removal of the parathyroids rats grew 
markedly less well than their controls which had undergone the same pre- 
paratory treatment without removal of the glands. Bone growth was pro- 
portionally retarded, but ossification was even more retarded. Thus Hammett 
showed retardation of ossification in just those circumstances in which it was 
not found in the rats receiving guanidine. In discussing the influence of 
parathyroidectomy on growth, Hammett refers to the general toxaemia 
produced and states: “It is this toxaemia which is at the basis of the growth 
retardation.” He then shows that this toxaemia causes interference with 
digestion, absorption, etc., and results in “an inadequate nutritional level 
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within the organism,” which he regards as the immediate cause of the re- 
tardation of growth. Throughout the guanidine experiments described above 
it was noticeable that there was no diminution of appetite in the injected rats 
as compared with the controls, and no evidence of digestive disturbances. 
Presumably therefore the mild toxaemia produced by the guanidine injections 
had had much less drastic effects than the toxaemia found by Hammett to 
supervene after parathyroidectomy. No rigid comparison between the two 
experiments therefore could be made. 


SUMMARY. 


Injections of guanidine do not cause the deposition of calcium in faultily- 
calcified bones. Neither do they tend to cause decalcification of formed bone. 
They may retard ossification very slightly in growing animals by limiting the 
amount of available calcium, but this influence is not detected where the 
growth of the injected animals is markedly retarded. No important inter- 
relation between mild guanidine poisoning and bone-formation was detected. 


The injections were made by Prof. Burns and the expenses of the research 
defrayed by a grant to him from the Medical Research Council. 
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GREENWALD AND Gross [1925] showed that in a dog on a low-calcium diet 
the administration of parathyroid extract caused an increased excretion of 
calcium. They concluded that the parathyroids produced a substance which 
either exercised a direct influence on the balance between the calcium of the 
blood and of the tissues or stimulated the production of such a substance. 
They suggested that this hypothetical substance maintained the calcium of 
the blood in solution, and, if present in excess, might raise the saturation level 
of the calcium in the blood. Under these circumstances, calcium might be 
withdrawn from the tissues to increase the calcium content of the blood. 
In the experiment on parathyroid administration, which they described [1926], 
nearly 3 g. of calcium were excreted in excess of that contained in the food. 
This could only have been derived from the bone, but X-ray examination 
failed to show specific bone changes. If, however, the calcium content of the 
dog was at all similar to that of a rat, i.e. approximately 1 % in the adult 
[Sherman and MacLeod, 1925], then this loss of 3 g. could not have represented 
more than 6 % of the total calcium in the bones of the dog, a loss which would 
hardly be demonstrable radiographically unless the calcium was withdrawn 
from localised areas. 

Since the experiment about to be described was completed, Bauer, Aub 
and Albright [1929] have reported that the administration of parathyroid 
extract to rabbits caused a withdrawal of calcium from the trabeculae of the 
bones. They failed to produce this effect in cats or rats, but Lambie, Kermack 
and Harvey [1929] reported a thinning of the trabeculae and a decrease in 
the ash of the bones of rats to which they had administered parathyroid 
extract. From this conflicting evidence and from the results of Hunter and 
Aub [1927], Robinson, Summers, Huffman and Burt [1927], Hoag, Rivkin, 
Weigele and Berliner [1927] and Liu [1928] it would appear that the influence 
of parathyroid extract administration on the calcium of the bone and serum 
and on calcium excretion may depend on the diet used, the initial functional 
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activity of the parathyroids of the subject of the experiment, and on the 
species of animal. 

Rats are known to be very resistant to the over-dosage phenomena which 
follow the administration of excess of parathyroid extract to other animals 
and Greenwald and Gross [1926] suggested that this resistance might be due 
to the efficiency of their excretory mechanism which removed the excess 
calcium as it was liberated. Continued administration of parathyroid extract 
to these animals ought therefore to lead to continued excretion of calcium 
greater than that in control rats on the same diet. If this increase in excretion 
were great it might lead to gross differences in body growth and calcification 
of bone, such as are found in animals on low-calcium diets [Korenchevsky, 
1922]. If the increase were only slight, the condition of the animals receiving 
the extract might be more comparable to the rats described by Sherman and 
MacLeod [1925] which were reared on a diet containing enough calcium to 
give fair growth and reproduction, but less than optimal calcium storage. 
(The calcium content per 100 g. of body-weight of these animals at 90 days 
old was only 0-70 as against 0-93 g. in the group on the ration richer in 
calcium.) 

The following experiment was designed to test whether the injection of 
doses of parathyroid extract into young growing rats on a diet considered to 
be fully adequate in calcium and in fat-soluble vitamins (i.e. a diet favouring 
calcium retention) would result in diminished storage of calcium in the injected 
rats as compared with litter-mate controls. 

The determination of the dose of the parathyroid extract used (“parathor- 
mone’’) presented considerable difficulty. Preliminary experiments showed that 
100 units (5 cc.) given to an adult rat in the course of 24 hours produced no signs 
of discomfort. The cost of the extract however was a limiting factor. Greenwald 
gave to a dog of about 5 kg. from 10 to 20 units per day. The equivalent dose for 
a rat of 50 g. would be 0-1 to 0-2 units per day. For the first few injections, 
0-1 cc., 7.e. 2 units were used. This was gradually increased to 0-3 cc., i.e. to 
6 units, and for the last fortnight of the experiment the dose was 10 units. 
Thus the dose used was about ten times that necessary to produce marked 
hypercalcaemia in a dog. 


EXPERIMENTAL. 


A group of twenty-six rats from four litters was divided into three lots, 
of ten and two eights respectively. The animals were born between the 6th and 
the 15th of October. They were therefore all autumn rats, which have been 
found in this laboratory to react more readily to deficiencies which tend to 
produce bone lesions. They were purchased from Messrs Glaxo who kindly 
supplied genealogical details showing that they were closely inbred. 

The litters were divided in as representative a way as possible between 
the three groups, and injections were begun on November 23rd and were 
given on alternate days. The solutions injected were as follows. 
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(1) Saline solution (0-7 % NaCl in tap water). Dose 0-5 cc. to 2 cc. as the 
animal grew from 50 to 200 g. 

(2) Ammonia in lactic acid (the solution was made neutral to phenol red 
(pq about 7-0) by the use of the necessary amount of lactic acid. The strength 
of the ammonia solution was 0-33 N). The same dose was used as for the saline 
injections. 

(3) “Parathormone” (Eli Lilly). The dose used was increased from 0-1 cc. 
(2 units) to 0-3 ce. (6 units) and finally to 0-5 cc. (10 units) as the animals grew 
from 50 to 200 g. 

The diet used throughout was Steenbock’s stock diet [Bethke, Steenbock 
and Nelson, 1923], but after 6 weeks of the experiment, dried milk was 
substituted for the fresh milk, and to every 100 g. of the mixture of maize, 
etc. 15 g. dried milk (roller process) were added, as this seemed to be the 
equivalent of the fresh milk actually consumed by the rats. The calcium 
content of this final mixture was 0-52 %. The diet was supplied to the animals 
ad libitum. The growth curves of the animals were noted over an injection 
period of 14 weeks, when the animals were killed, and their bones and teeth 
examined. 

Examination of the bones. The femora, tibiae and fibulae were dissected out 
and analysed for ash, water, fat, organic residue, calcium and phosphorus as 
described by Chick, Korenchevsky and Roscoe [1926]. 

Examination of teeth. One upper incisor tooth was taken from each rat in 
a group. The combined teeth of the group were dried and ashed, and the ash, 
calcium, magnesium and phosphorus were determined on the dry tooth. 

The results are shown in Tables I and II. 








Table I. 
Body-weight (g.) Bone weight (g.) Ash of bone % A/R 
————_———j _——— I cn a, OO - 
Am- “ Para- m- “ Para- Am- “ Para- Am- “ Para- 
monium thor monium _ thor- monium thor- monium  thor- 
Litter Saline lactate mone” Saline lactate mone” Saline lactate mone” Saline lactate mone” 
xq {229 sue TON tres 4 1432! gog 1.69 {1'87) 1. 
RS 159 {599} 209 1-556 jh.999; 1-745 41-4 j439; 429 169 jh 96; 187 
169 ~ {1:580) ,. ' 43-1) go. o (1:93) 9. 
B13 {iso 199 22 {sao} 1821 2100 {795} 431 41-2 {ial | 187 181 
Bo 171 —_ _ 1-574 — _— 44-0 —_ 1-91 _ 


209). aes ex | 1-79 
NS 208 219 {oar} 1-879 2-229 {7-960} 42-9 41-7 {20 gt 183 1-85 {1 94 


Mean 178 214 221 1-622 2-022 1-934 42-7 42-7 419 1:83 1-86 1-83 
RQ 155 159 151 1-526 1-555 1-429 41-1 42:2 41:8 1-78 1-84 1-79 





(144) 1-464) >. a a. ee ee 
Big! 13g} 130 — {1-336} 1272 {3 gf 413 | {i-e7} 1-77 ~ 
152) 9. eo | i 8} fe 

BQ 137 — {136} 1409 — {i384 41-0 fit 17 — Unst 
165 <n {1-607 (409) 401° 2. $1) a9 

NQ 151 {iss} 171 1-500 {sit 1-608 40-4 {40-9} 42-1 1-68 1179} 1-79 





Mean 144 152 152 1-447 1-487 1-454 42:0 413 42:3 1-78 1-80 1-80 

From Table I it may be seen that the body-weight of the females in all 
three groups was closely similar, but that in the case of the males, the am- 
monium lactate and “parathormone” groups had a mean weight slightly 
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higher than the mean for the saline group. Examination of the individual 
weights revealed that this difference was mainly due to the representative of 
litter R, and to one representative of litter B 1 in the saline group. These rats 
had made exceptionally poor growth as compared with their litter-mates, not 
only those in the ammonium lactate and “parathormone” groups, but also 
others used for different purposes. It would therefore seem that this difference 
in the body-weights expressed individual peculiarities of these rats rather than 
any specific influence of the injections. 


Table IT. 
nD _ 
2 z sg G 
= ts g - hb Be oe gs © ee 
sy s : 42 Fs 2a % 588 & & 
Zo wa = q £ 62 & OF @ OFS dW 
5 3g R,B1,B,N Saline injections 42-7 31-3 23-4 2-6 380 18-6 162 1-83 2-05 
5 ¢ i - 42-0 31:5 23-6 2-8 37-6 18-6 158 1-78 2-02 
4 ¢ R,B1,N Ammoniumlac- 42-7 31-5 23-1 2-7 37:6 18-6 16-05 1-86 2-02 
tate injections 
4 9 - -” 41-3 32:7 22-9 3-0 37-7 183 15-55 1-80 2-05 
4 ¢ R,B1,N “Parathormone” 41-9 29-9 23-0 52 37:9 188 15-9 1-82 2-01 
injections 
42 R,B,N - 42-3 31:5 23:3 2-9 376 185 15-9 1-80 2-03 


Although there was no significant difference between the different groups 
in the final body-weights, it was noted that the males receiving “ parathor- 
mone” showed much greater deposition of fat, and this is being further 
investigated. 

Bone weights. The weight of the bones is seen to follow very closely the 
body-weight of the individual rats, so that there is no evidence of any change 
in relative growth of bone and body due to the injections. The average value 
for the leg bone weights expressed as percentage of the body-weights for the 
three groups are as follows: saline 3 0-92, 2 1-00; ammonium lactate 3 0-94, 
2 0-98; “parathormone” ¢ 0-88, 2 0-96. 

The composition of the bones. Table I shows that the ash contents of the 
bones of the different groups lie within a very narrow range, and that no 
consistent effect can be attributed to the different substances injected. This 
is equally true of males and females. 

No consistent change in the A/R ratio is to be noticed, and Table IT shows 
that this is true for the entire composition of the bones, except that the fat 
of the bone is slightly high in the case of the males of the “parathormone” 
group. There is no change in the proportion of calcium and phosphorus in the 
ash, and the proportion of calcium in the fresh bone, although varying from 
rat to rat, is remarkably constant as from group to group. Hence there is no 
chemical evidence of bone changes as a result of the injection of “para- 
thormone” in the dosage used in this experiment. But in order to determine 

whether the “parathormone” injections have had any influence on calcium 
storage relative to the storage of other components of the food, it is necessary 
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to consider the proportion of calcium to the total body-weight. Table III 
shows the calcium of the bones (femora, fibulae and tibiae) expressed as 
percentage of the total body-weight. (In compiling this table it has been 
assumed that the calcium of these bones bears a constant relation to the total 
calcium of the body.) 

Table III. Calcium of bone expressed as %, of body-weight. 


Ammonium 





Litter Saline lactate ‘*Parathormone” 
0-151 
Rg 0-153 {ol ro 0-137 
0-154 : 
Blg { 0.136} 0-150 0-145 
Bg 0-152 se a 
No 0-149 0-159 ens ; 
Mean 0-149 0-152 0-139 
RQ 0-153 0-154 0-149 
0-170 : 
B19 {ool 0-154 re 
BQ 0-155 ioe 10108 
0-150 
NQ 0-152 { O.150F 0-149 
Mean 0-158 0-152 0-152 


It may be seen that the values for the proportion of calcium to body-weight 
ie within a very small range for all the groups and both sexes, but that the 
value for the “parathormone” males is slightly but appreciably less than the 
value for the saline and ammonium lactate group of males. This is doubtless 
explicable by the slightly higher proportion of fat in the “parathormone”’ 
males. From these figures, however, no specific influence of parathyroid 
extract on calcium storage can be deduced. The influence of the extract on 
the weight and composition of the dry tooth was also found to be negative. 


Discussion. 

The primary object of this experiment was to determine whether the 
injection of “ parathormone” into young growing rats would reduce the rate of 
growth or ossification of bone, when the animals were on a diet which, from 
its content of calcium and fat-soluble vitamins, was considered to be favourable 
to optimal calcium retention. Should this have proved to be the case it would 
have emphasised the necessity of the warning given by Greenwald and Gross 
[1925] as to the need of care in the use of the extract, because of its tendency 
to deplete the stores of body-calcium. The results of the experiment, however, 
gave no indication of failure in bone-formation in the rats receiving the 
extract. 

In correlating this fact with any theory as to the mechanism by which 
parathyroid extract produces its effects, it is necessary to consider not only 
the possible influence of diet, but also the difference in the reaction of different 
animals to the extract. In dogs, administration of the extract has been 
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generally found to result very readily in hypercalcaemia, which Greenwald 
and Gross [1926] showed was accompanied by increased excretion of calcium 
under the conditions of their experiments. In rats, however, there is little 
evidence of hypercalcaemia following the administration of “parathormone.” 
(Tweedy and Chandler [1929] found a slight increase in the serum-calcium 
of a rat after the administration of 200 units of the extract in the course of 
24 hours.) There is, therefore, no direct evidence that parathyroid extract 
(prepared from ox parathyroids) has a similar influence on calcium meta- 
bolism in rats and dogs. If, however, parathyroid extract does cause the same 
increase in the serum-calcium content in rats as in dogs, accompanied by such 
a rapid excretion of calcium that hypercalcaemia is not found, then in the 
experiment above, on a diet supplied ad libitum, and’ adequate in calcium and 
vitamins, the animals must have been able to secure from the food enough 
calcium to meet the extra needs arising from the extra excretion, as there is 
no evidence of decrease in rate of storage of calcium in the bone. The extra 
calcium may have been supplied by a slight increase in the total intake of food. 

It is, however, possible that the doses of parathyroid extract used were 
either too small or too infrequent to produce any effect on the calcium storage 
in the bone; but as 580 units given to a dog [Greenwald and Gross, 1926] 
caused an increased excretion of 1-8 g. of calcium, it would seem that 200 units 
given to a rat ought to have produced a measurable effect on the calcium in 
the rat, as the final calcium content of the latter per animal would only be 
about 2 g. [Sherman and MacLeod, 1925]. 


SUMMARY. 

1. Twenty-six young rats were fed on Steenbock’s stock diet (Ca % 0-5 
and ample fat-soluble vitamins). Ten received injections of normal saline 
(0-7 % NaCl in tap water), eight received injections of ammonium lactate 
(0-3 N ammonia brought to py 7-0 with lactic acid) and eight received injections 
of parathyroid extract. 

2. Neither body nor bone growth was retarded in the group receiving 
parathyroid extract relative to their litter-mate controls. 

3. The deposition of calcium in the bones was not influenced by the 
injections of parathyroid extract. 

4. The four males receiving parathyroid extract showed unusually large 
deposits of fat. This was not noticed in the females of the group. 


The injections were carried out by Prof. Burns and the expenses were 
defrayed by a grant to him from the Medical Research Council. 
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Srrone acid introduced into the animal body appears to be mainly excreted 
in combination with ammonia, but evidence exists to show that some dis- 
turbance of the relative proportion of the fixed bases in the blood is produced 
[Stewart and Haldane, 1924; Allers and Bondi, 1907], and that some extra 
excretion of the fixed base of the body may be brought about [Steenbock, 
Nelson and Hart, 1914; Givens and Mendel, 1917; Stehle, 1917; Lamb and 
Evvard, 1919; Shohl and Sato, 1923; Hunter and Aub, 1927]. The nature of 
the extra fixed base thus excreted would seem to be determined by the excess 
of available base, which depends on the diet [Lamb and Evvard, 1919; 
Stehle and McCarty, 1921]. 

Gamble and Ross [1923] concluded that most of the extra base excreted 
after the administration of acid was merely washed out in combination with 
the usual acids of the body as a result of the diuresis which follows such 
administration, but Fiske, Goodell, Hathaway and West [1926] found that 
fixed base was excreted in excess of the base merely washed out in this way. 
After this preliminary loss of base, however, they noted a subsequent retention. 
All these conclusions were drawn from short metabolism experiments. Goto 
[1918] examined rabbits to which acid had been administered for various 
periods. He found a great loss of weight, a loss of fat and carbonate, but not 
of calcium of bone and a reduction in the average potassium and phosphate 
content of the muscles of the acid group as compared with the controls. The 
latter varied greatly among themselves, however, and the two groups over- 
lapped considerably. The rabbits were adults of varying age and breed. 

Lamb and Evvard [1919] examined the bones of a pig to which they had 
administered acid for a long period. The amount of marrow was much reduced. 
No chemical examination was made. 
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EXPERIMENTAL. 


The following experiment was carried out to determine whether acid 
ingestion exerted any influence on the storage of base in the tissues of young 
growing rabbits and rats. The animals used for the experiment were all bred 
in the laboratory from stock kept on standard diets, and were reared under 
carefully controlled conditions; animals which received acid were only com- 
pared with litter-mate controls. It was hoped in this way to detect small 
changes in bone and tissue composition. 

Their age at the beginning of the experiments was about 6 weeks, but 
such great difficulty was experienced in rearing more than one or two rabbits 
in each litter, that the later experiments were carried out on rats. . 

Diet. The diet of the rabbits consisted of oats, and bran mash with lettuce 
or cabbage ad libitum. 

The rats received Steenbock’s stock diet [Bethke, Steenbock and Nelson, 
1923], with fresh milk and water ad libitum. 

Administration of acid. The acid used was 0-1 N hydrochloric acid. In the 
first experiment, carried out on two rabbits, with one litter-mate control, the 
acid was given by stomach tube, but this caused acute local lesions in the 
stomach and one rabbit had to be discarded. At the end of 17 days the second 
animal died. The bones of this animal and of its control were taken for 
chemical examination. 

In all later experiments, the acid was administered by mixing it with the 
mash in the case of the rabbits, and with the maize mixture in the case of 
the rats. Under these circumstances it was not possible to know accurately 
the amount of acid consumed, as some scattering of food always took place, 
but an approximate estimate of the average acid consumption per animal 
per day could be arrived at. 


Examination of the tissues. 


(a) Bones. In the rabbits, a femur, fibula and tibia, humerus, radius and 
ulna were dissected out, freed as far as possible from connective tissue and 
analysed separately for ash, fat, water, organic residue, calcium and phos- 
phorus. No specific difference was, however, found in the composition of the 
different bones, and the results for the femur, fibula and tibia are combined 
and presented together as typical of the bone composition in each animal. 

In the rats all the leg bones of the four legs in each animal were used for 
the analyses. 

(b) Soft tisswes. The muscles of the hind legs of the rabbits were removed 
and freed as far as possible from fascia (no attempt was made to free the 
muscles from blood vessels, nerves, etc.). The water content was determined 
by drying at 110° for 48 hours. The muscles were then ashed and the total 
potassium and sodium were estimated by the method of Husband and Godden 
[1927]. By this method the total potassium and sodium were weighed as the 
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mixed sulphates. In the mixture the sulphate was determined and from this 
the base equivalent to potassium + sodium was calculated as cc. of normal 
base per 100 g. of muscle tissue. The heart, lungs, kidneys and liver were 
weighed together, and the water and total potassium + sodium were deter- 
mined on these tissues as for the muscles. 

In the case of the rats it was not practicable to make these determinations 
on the muscles alone, and the analyses were made on the leg muscles and 
organs taken together. 


Experiments on rabbits. 


Three experiments were carried out on rabbits from four litters. Only one 
rabbit was available from litter 3 which was about the same age as litter 2, 
but of a larger breed. The results are shown in Table I. 

The animals receiving acid either lost weight whilst their controls remained 
steady, or gained weight much less rapidly than their controls. There were 
two exceptions. In litter 2, the control animal lost 50 g. while the experimental 
animal lost 150 g. and in litter 4 one animal receiving acid grew as well as its 
controls. The control of litter 2 was not suffering from any specific disease 
and its failure to grow was unaccounted for. The ratio of final bone weight 
to body-weight indicated that the growth of bone had been rather less retarded 
than body growth, e.g. in litter 4 the final bone weight expressed as a per- 
centage of final body-weight was 0-64 for the two controls, and 0-65 for the 
experimental animal which grew well, and 0-75 and 0-71 for the experimental 
animals which showed diminished growth. 

The only significant changes in the chemical composition of the bones of 
the acid group were the increase in the percentage of water and decrease in 
the percentage of organic matter. Where analyses of fat were made it was 
found that the decrease in organic matter occurred in the fatty moiety. The 
control of litter 2 had a bone composition which, like its body growth, was 
typical rather of the acid than the control group, while the member of litter 4, 
which grew as well as its controls, had bones of composition similar to those 
of the controls. 

It would therefore seem that the most striking effect of acid ingestion in 
rabbits is a loss of weight or diminution in growth rate, and that the influence 
on bone composition is merely that of marked malnutrition (i.e. loss of fat 
and increase in water of bone [Korenchevsky, 1922; Jackson, 1925]). The two 
animals in the fourth litter, in which growth was retarded, showed a very 
slight reduction in ash and calcium content of the bone as compared with their 
controls, but the significance of this is doubtful. 

Analyses of the tissues. Table I gives the water content, and the base content 
of the fresh and dry muscles and organs. From these figures it would appear 
that there was a slight but definite reduction in base content (sodium + potas- 
sium) in fresh muscle in rabbits after the ingestion of acid. This difference was 
not regularly found in the dry tissues, owing to variations in the water content. 
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There was not, however, evidence of regular reduction in water content of 
muscle after prolonged ingestion of acid, as might be expected from the 
diuresis following the ingestion of small quantities of acid. 

In the organs there was no regular decrease in base content either in fresh 
or dry tissues. Again, the water content of the organs from the acid group was 
usually though not invariably higher than in the controls. (The liver and 
kidneys of the experimental animals always appeared gorged with blood after 
the death of the animals.) The analyses of the tissues of the one animal which 
grew as well as the controls (litter 4) indicated a much more considerable 
withdrawal of base from the soft tissues than in any of the others, although 
the bones of this animal were less affected by the acid ingestion. 

From these analyses it would therefore appear that acid ingestion in 
rabbits, as found by Goto [1918], was followed by a withdrawal of base from 
the muscles. There was no evidence that a withdrawal of base from the organs 
usually occurred, although from the one rabbit which grew well it may be 
deduced that such a withdrawal may occur in certain animals under certain 
conditions. The feeding of the rabbits may have somewhat complicated their 
response to the acid feeding. As cabbage was supplied ad libitum it is possible 
that some animals may have chosen to eat more than others. This may have 
accounted for the variations found in the acid group of the fourth litter. 


Experiments on rats. 
Two litters, each containing eight rats, were used. Four rats from each 
litter were given acid and four were kept as controls. Both litters contained 
even numbers of the sexes. The rats each received about 12 cc. of acid daily 
(0-1 N HCl) at the beginning of the experiment. This was gradually increased 
until at the end of 7 weeks they were each receiving 50 cc. of 0-1 N acid daily, 
and then for the last 2 weeks they were given 50 cc. of 0-2 N acid each per day. 
After the dose of acid reached 25 cc. 0-1 N per day, the appetites of the 
animals fell off and the food supply to the controls was gradually limited to 
approximate to the amount actually consumed by the experimental groups. 
This brought the rate of growth of the control animals well below the average 
for their age, but made it possible to determine the influence of the simple 
ingestion of acid by the experimental rats, uncomplicated by differences in 
food intake. After 9 weeks on experiment the animals died, the controls were 
killed and the bones and tissues were examined as previously described. 

The effect of acid ingestion on bone and body growth in rats. Table II shows 
the final body-weight, bone weight and bone composition of the rats receiving 
acid and of their controls. The bones (of the four legs) were on the whole 
slightly smaller in the groups receiving acid than in the control groups. The 
final body-weights were markedly smaller in the acid than in the control 
groups with the exception of one rat in litter B. Some of the rats in the 
experimental group grew as fast as the controls at first, and then lost weight 
rapidly in the final 2 weeks of the experiment; others grew more slowly than 
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the controls throughout the whole period. The average bone weights of the 
groups expressed as percentages of the maximum body-weights were: litter A, 
acid group 2-08, controls 2-13; litter B, acid group 1-96, controls 1-85. This 
would seem to indicate that bone growth had been approximately proportional 
to body growth in both groups and that the final loss of weight in some of the 
experimental animals had not been accompanied by appreciable breakdown 
of bone. On the whole, however, both bone and body growth had been 
slightly retarded in the acid groups. 

Bone composition. From Table II it may also be noted that the ingestion 
of considerable quantities of acid was without appreciable effect on the 
chemical composition of the bones. The percentages of calcium and phosphorus 
in the ash of the bone did not indicate any differences between the bones of 
the two groups. The A/R ratio which may be taken as a measure of the 
degree of ossification of the bone [Chick and Roscoe, 1926] was slightly but 
definitely decreased in the acid group, although the animal in litter B, which 
grew as well as its controls, also had an A/R ratio which fell into the range of 
the control group. Each of the control groups also contained one animal of 
which the A/R ratio was typical rather of the acid than control groups. 
Despite this variation the difference between the two groups, although slight, 
would seem to indicate a definite retardation in the rate of ossification of bone 
in the acid group, particularly during the last few weeks of the experiment. 
The marked reduction in fat content of the bone which was so typical of the 
rabbits receiving acid was not found in the case of the rats on the acid diet. 

Analysis of the soft tissues. The soft tissues of the animals in the acid group 
showed no loss of water as compared with their controls. There was no 
diminution in the percentage of base in the wet tissues of the acid group 
(Table II). On the contrary, there was a slight increase in this respect in 
all the animals receiving acid, with the one exception of the animal in litter B 
which grew normally. Not only in growth but in composition of bone and 
tissues this animal appeared to be similar to the control rather than the 
acid groups. 

Discussion. 


While in the muscles of rabbits receiving acid there seemed to be a slight 
reduction in base content (potassium + sodium), this was not the case for the 
organs of the rabbit, nor would it appear to be the case for the muscles and 
organs of the rat. The most striking influence of the ingestion of acid was the 
chronic malnutrition of the animals resulting in retarded growth and in six 
out of seven rats considerable loss of weight. The effect on the bones of rabbits 
was also that typical of severe malnutrition. In the case of the rats, it may be 
concluded from the A/R ratio of the different groups that the ossification of 
bone was retarded when the ingestion of acid was so great that actual loss of 
weight occurred, but there was no sign in any animal of a differential with- 
drawal of calcium from bone, resulting in softened bones, nor of a breakdown 
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of osseous tissue resulting in bones which were of small weight compared with 
the weight of the animal. The tissues of the animals in the acid group showed 
no signs of dehydration, as might have been expected from the diuresis shown 
in the short period experiments of Fiske and his co-workers [1926] and Gamble 
and Ross [1923]. 

If it were assumed that the excess acid was carried in the blood as am- 
monium chloride, it might be concluded that the retardation of growth and 
final loss of weight was due to the toxicity of this ammonium chloride. During 
the last weeks of the experiment the animals daily ingested enough acid to 
produce a lethal dose of ammonium chloride [Underhill and Kapsinow, 1922], 
but the effect of the latter would be minimised by being slowly produced and 
by being excreted as formed. Gamble and Ross [1923], however, showed that 
the ingestion of ammonium chloride had the same influence on the composition 
of blood and urine (py, serum-bicarbonate, ammonia of urine, etc.) as the 
ingestion of an equivalent quantity of hydrochloric acid. They concluded that 
the ammonium chloride was dissociated and that the ammonia was carried in 
the blood as some neutral substance, while the hydrochloric acid was carried 
in combination with the fixed base of the serum, and the serum-bicarbonate 
was lowered. In the case of prolonged ingestion of acid, however, this 
mechanism might prove inadequate, as plasma-bicarbonate could not be 
lowered beyond a certain point if tissue CO, was to be removed satisfactorily. 
An increase in plasma-base would therefore be necessary to permit of the 
transport of the excess acid. (This increase in total plasma-base might be 
achieved by increasing the plasma volume without altering the concentration 
of base in the plasma.) The net result would be a greater call on the bases 
absorbed from the food to supply plasma-base, and a limitation of base available 
for tissue building. 

From the colloidal nature of cell protoplasm, it would seem probable that 
the salts present in the tissues play an important part in preserving the 
electrical equilibria which are the conditions necessary for the normal 
functioning of the cells, and that, without an adequate supply of salts available 
for tissue-building, normal growth cannot take place. Hence the limitation 
of growth where the conditions tend to increased base excretion. In the rats, 
when the dose of acid was greatly increased towards the end of the experiment, 
actual breakdown of tissue occurred, presumably to supply the base necessary 
for the neutralisation and excretion of acid. This liberated, however, more 
base than was actually necessary for reaction with the acid, and some was 
retained in the tissues. This would account for the slightly increased base 
content in the soft tissues of those rats of the acid group in which considerable 
loss of weight had occurred. This retention of base in the tissues during the 
rapid breakdown of other tissues may perhaps be comparable to the retention 
of sodium in starvation [Lusk, 1928]. 
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SUMMARY. 


(1) Five rabbits on a fixed diet received acid daily for periods varying 
from 17 to 35 days. Compared with litter-mates on the same diet without 
acid, these animals showed a reduction in the base content of the muscles, 
but not of the viscera. 

(2) There was no reduction in the percentage ash of the bones, but a 
marked reduction in the fat content. 

(3) All the animals receiving acid showed either retarded growth or actual 
loss of weight, and suffered from severe malnutrition. 

(4) Eight rats on a standard diet received daily doses of acid over a 
period of 9 weeks. . 

(5) There was no appreciable reduction in the fat content of the bones, 
and the ash content was unchanged. 

(6) Growth was retarded, and considerable loss of weight occurred when 
the dose of acid was increased. 

(7) The base content of the soft tissues was increased slightly where death 
was preceded by marked loss in weight. 


The administration of acid and food in all the experiments was carried out 
by Prof. Burns who suggested this study. The expenses were defrayed by 
a grant to him from the Medical Research Council to whom I desire to express 


my thanks. 
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XCV. THE INFLUENCE OF THE HYPOPHYSIS 
ON METABOLISM, GROWTH AND SEXUAL 
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NITROGEN METABOLISM. 
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AND MARJORIE HELEN DENNISON. 


From the Lister Institute, London. 
(Received June 29th, 1929.) 
HISTORICAL. 


I. The influence on metabolism of extracts prepared from the whole pituitary 
or tts anterior part. 


Scuirr [1897] fed to three patients (one suffering from acromegaly) whole 
hypophysis tablets (Merck). In two of these patients, one of whom was the 
acromegalic patient, he obtained a large increase of phosphorus excretion 
without any considerable change in nitrogen excretion. He, therefore, 
suggested that there had been an increase in the metabolism of some tissue 
poor in nitrogen, probably that of bone. Moraczewsky [1901] obtained 
absolutely contrary results in one patient under the influence of the tablets, 
namely an increase in nitrogen metabolism without considerable change in 
phosphorus excretion. 

In Oswald’s [1902] experiment on a dog, to which dried preparations of 
whole hypophysis were fed, no change was observed in either phosphorus or 
nitrogen metabolism. Malcolm [1903] used a large bitch for his experiments. 
Unfortunately, the results obtained are not reliable as the animals were not 
catheterised, without which process it is not possible to obtain the whole of 
the urine of the separate experimental periods. In his work, the dried anterior 
or posterior parts of the pituitary, when administered orally, caused a slight 
retention of nitrogen or phosphorus, and an increased output of calcium. In 
the case of nitrogen and calcium, the fresh entire gland and the dried gland 
had opposite effects. 

Thompson and Johnston [1905] also performed experiments on dogs and 
took all precautions against inaccuracy, including catheterisation. The whole 
hypophysis was chopped and the pulp obtained dried at 45°. This preparation 
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was given per os to the dogs, in varying doses of from 1 to 6 g. daily. During 
the control periods dried meat powder was given in corresponding amounts. 
The authors found that there was an increased nitrogen metabolism and, in 
a lesser degree, an increased phosphorus metabolism. 

The body-weight decreased, but the quantity of urine excreted was but 
little influenced. The effect of the pituitary did not immediately subside when 
administration was stopped. The results were more pronounced when gland 
substance from a young animal was given. 

The experiments of Franchini [1910] are not conclusive because of the 
great toxicity of the extracts injected. 

Schafer [1909, 1912] found no influence upon growth, or metabolism of 
nitrogen or phosphorus, by the addition of 0-75 g. of ox pituitary to the 
normal dietary of rats. The diet was ingested in varying amounts and con- 
sequently the metabolism varied much, making it impossible to obtain reliable 
averages of the different periods. 

In Bernstein and Falta’s [1912] experiments injections of extracts of 
anterior lobe resulted in a short reduction of basal metabolism, lasting about 
1 hour. 

Titcomb [1913] failed to keep the daily ingestion of food by his patients 
constant, thus making difficult the interpretation of his metabolism obser- 
vations. Technical mistakes in feeding were also made in experiments by 
White and Titcomb [1914] on mice and rabbits. 

In Hewitt’s [1914] experiments on rats administration of small amounts 
of anterior lobe of ox pituitary given simultaneously with thyroid had little 
if any influence upon the action of thyroid on nitrogen metabolism. 

Freund and Lockwood [1920] remarked a loss of calcium in osteomalacia. 
Hypophysis, as well as thyroid, administration increased the negative calcium 
balance. 

Hammett, Patten and Suitsu [1920] found an increase of uric acid in the 
blood, occurring with and following the administration of the pituitary gland 
to patients. 

Arnoldi and Leschke [1921] obtained inconsistent results in the gaseous 
metabolism of two patients after injections of commercial preparations of 
anterior or posterior parts of the hypophysis. 

Kestner [1922] was able to raise the basal metabolism in patients with 
hypofunction of the hypophysis by injecting extracts of the anterior lobe. 

Grabfield and Prentiss [1925] and Bowman and Grabfield [1926] found, in 
observations on patients, no effect on nitrogen metabolism of whole pituitary 
or the anterior part given by mouth in the dried form, but the basal metabolic 
rate was slightly increased after administration of these preparations. 

In Foster and Smith’s [1926] hypophysectomised rats the basal metabolism 
was about 35 % below that of normal animals. It was restored to normal by 
daily anterior lobe homotransplants, but not by daily injections of the extract 
of posterior lobe. 
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Putnam, Teel and Benedict [1928] have been unable to demonstrate any 
effect of growth-promoting extract of anterior lobe on the metabolism of 
normal rats, rabbits, guinea-pigs, opossum, frogs and crocodiles. 


II. The influence of administration of the posterior lobe of the 
hypophysis on metabolism. 


The experiments of Malcolm [1903], Franchini [1910] and Frey and Kum- 
piess [1914] do not allow any definite conclusions to be drawn as to the 
influence of the administration of posterior lobe on the metabolism of nitrogen, 
phosphorus or calcium. 

Falta et al. [1909] gave “pituitrin” (Parke, Davis & Co.) to fasting dogs 
and observed an increase in the excretion of nitrogen, phosphates and salts. 

McKinley [1921] was able to increase the basal metabolism in eleven out 
of twelve normal persons by means of subcutaneous injections of extracts of 
the posterior lobe. Cases of hypothyroidism did not respond to such injections. 
The author, therefore, suggests a synergetic action between the thyroid and 
the pituitary glands. Castex and Schteingart [1926] obtained, in the first hour 
after injections of “pituitrin,” in ten out of eleven patients, an increase in the 
basal metabolism, in one case of 27 %. The changes were more pronounced in 
persons having a thyroid disease (“disthyroidiens”). Unfortunately, the exact 
nature of the thyroid diseases was not mentioned. 

Hines, Leese and Boyd [1927] were unable to find any appreciable effect 
of “pituitrin” injection on the respiratory quotient, or on the increased heat 
production occurring during a period of glucose injection. 


III. The influence of pituitary extracts on the secretion of urine. 


The hormones of the pituitary which influence the secretion of urine are 
formed in the posterior or intermediate parts of the pituitary gland. The 
extensive literature dealing with this function of the pituitary is completely 
and critically reviewed by Schafer [1926] and by Geiling [1926]. Summarising 
the results obtained it is possible to draw the following conclusions. Extracts 
of the posterior lobe when injected have a diuretic and antidiuretic action, 
the two actions usually succeeding each other; the particular sequence of the 
reactions differs according to the method of administration and the species 
of animals used. Intravenous injection is usually followed immediately by 
diuresis and later by antidiuresis, while subcutaneous injections cause the 
reverse order of response [Schafer, 1926, p. 239]. In dogs there is often at first 
an increase in the volume of urine, while in rabbits and guinea-pigs a decrease 
is usually first noticed. “The antidiuretic action was first noticed in clinical 
cases of diabetes insipidus, in which it has a remarkable, indeed specific, action 
in controlling the excretion of water by the kidneys and bringing it down to 
a normal level; to keep it at that the injections require to be repeated from 
time to time. In normal individuals the effect in diminishing the secretion of 
urine is less striking and may be absent” [Schafer, 1926, p. 244]. 
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With regard to this double action of the pituitary extract upon the 
secretion of urine, no definite conclusion can be made as to whether it is due 
to two separate and antagonistic hormones, or to one. The hormones probably 
influence the renal cells directly. 


THE PRESENT INVESTIGATION. 


This paper deals with nitrogen metabolism and urinary flow only. Several 
indications (see Biedl’s monographs and others) indicate a synergetic inter- 
relationship between the pituitary gland and the sexual glands.. Since 
cryptorchid animals are supposed to have an increased inner secretion of the 
sexual glands, for the present experiments cryptorchid as well as normal 
animals were used. 

It is an established fact, that the histological structure of pituitary glands 
is different in normal and castrated animals. It might be, therefore, that 
different hormones were secreted by the pituitary glands of normal and 
castrated animals. Taking this possibility into consideration, in some of 
the experiments pituitary preparations from bull’s pituitary were used, whilst 
in the other experiments those of oxen were used. 

Technique. Eleven experiments were performed on ten rats (five normal 
and five cryptorchid) and fourteen experiments on eight rabbits (six normal 
and two cryptorchid). The rats and rabbits were made cryptorchid by pushing 
back the testes from the scrotum into the abdominal cavity and occluding the 
inguinal canal by putting a suture on the basal portion of the tunica vaginalis. 

The technique of the metabolism experiments was that described pre- 
viously [Korenchevsky and Carr, 1925]. The same daily amount of food of 
the same composition was given to the animals throughout the whole period 
of the investigation and completely consumed by them. Each experiment 
was divided into a preliminary control period, an injection or special feeding 
period and two or three control periods following the period of injection or of 
pituitary feeding. Each period lasted usually from 1 to 3 days. In Tables II-IV 
the changes given are those of the period of gland feeding or injection and the 
following control period. In order to save space we give one table (Table I) in 
detail as an example and three tables giving the general percentage changes 
in the urinary flow and in the excretion of the nitrogen of the urine and the 
actual changes in grams in the nitrogen balance. 

Fresh pituitaries, obtained from the slaughter-house on the day of killing 
of the animal, were divided with aseptic precautions into anterior and posterior 
lobes and each portion was separately chopped to a thin paste in a sterilised 
Latapie’s grinder. 

For feeding experiments the paste was spread in thin layers in large Petri 
dishes and dried at room temperature in vacuo over phosphorus pentoxide. 
The dry preparation so obtained was kept in vacuo in the cold store. It was 
administered to the rats mixed with their food-paste and to the rabbits mixed 
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with chopped raw cabbage. Care was taken that the preparation was com- 
pletely consumed. In the control period an equal weight of dried liver was 
added to the food of the animals. 

For injections the pituitary tissue was mixed, after grinding, with three 
volumes of glycerol and kept in the cold store. On the days of injection one 
part of the glycerol emulsion was reground in a mortar, mixed with two 
volumes of saline solution, well stirred and centrifuged. The supernatant fluid 
was used for the injections. 


Table I. The influence of subcutaneous injections of the extract prepared from the 
anterior lobe of ox pituitary wpon the nitrogen metabolism and the urinary 
Jlow of the eryptorchid rat No. 279. 


Volume 
of urine 
Length Weight excreted Nitrogen g. per 200 g. rat per week 
No. of of per200g. — 


of period rat rat In In Total 
period hr. g. ce. Intake urine faeces output Balance Remarks 

I 72 255 70 215 184 0-16 2-00 +015 Inj. 30 % glycerol 
solution 

II 72 258 47 2-12 1-45 0-19 1-64 +0-48 Inj. pituitary of ox 
0-6-0-8cc. per day. 
1-8-2-4 ce. total 

Tit 72 257 94 2-13 2-15 0-16 2:31 -0-18 Inj. 30% glycerol 
solution 

IV 48 252 100 2-17 2-33 0-20 2-53 -0-36 Inj. 30 % glycerol 
solution 


Table II. The influence of feeding rats and rabbits with dried pituitary gland 
on-the nitrogen metabolism and urinary flow. 


No. Urinary flow Nitrogen in urine Balance of nitrogen 
of _ i ae = ~ me — ) 
exp. Gland Following Gland Following Gland Following 
for adminis- control adminis- control adminis- control 


R av. tration period tration period tration period Remarks 
ats: 
Anterior lobe 2 +13-3 + 7-8 - 8-7 + 5-1 — 0-04 +0-14 0-2-0-5 g. daily 
Posterior lobe 1 —11-2 — 61 + 10 — 12-0 +0 +017 0-2-0-5 g. daily 
Rabbits: 
Anterior lobe 6 — 48 — 10-2 + 0-2 - 38 +0-01 +0-28 2-0g. daily 
Posterior lobe 2 - 07 -177 -23 - 55 +023 +0-56 2-0g. daily 


Note. In Tables II-IV: the figures marked + (increase) or — (decrease) denote the changes 
from the normal, i.e. the control period previous to the gland administration. In the columns 
“urinary flow” and “nitrogen in urine” the figures denote the percentage changes. In the column 
“balance of nitrogen” the actual figures are given in g. calculated for the rat per week per 200 g. 
body-weight and for the rabbit, per week. 


The influence of the administration of the pituitary gland on nitrogen 
metabolism and the urinary flow of rats and rabbits. 


Feeding experiments. Eleven experiments were performed. To the rats 
from 0-2 to 0-5 g. of dried anterior lobe was fed in two experiments, and the 
same amount of dried posterior lobe in one experiment (see Table IT). To the 
rabbits 2 g. of dried anterior lobe were given daily in six experiments and the 
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same amount of dried posterior lobe in two experiments. As the figures of 
Table II indicate, no constant or considerable changes were obtained. 

Injection experiments. Eight experiments were performed on rats (see 
Table III), of which five were made by injecting an extract of the anterior lobe 
of bull’s pituitary and three by injecting an extract of the anterior lobe of 
ox gland. Six experiments were performed on rabbits with extracts prepared 
from the anterior lobe of bull’s pituitary (see Table IV). The second injection 
into each animal was made on the day following the first injection, and in a 
larger dose. For this reason no figures for control periods following injections 
are given in these “first” experiments on each rabbit. 

In the “second” experiment on rabbit 49 during the first control period 
the animal did not consume its food completely and therefore the figures of 
these and following control periods are omitted. The experimental results 
obtained with rats and rabbits were practically the same. Injection of pituitary 
extract always decreased the nitrogen metabolism (Tables III and IV), which 
only remained depressed on the days following the injections in the case of 
rabbits. In rats an increase followed the decrease, and sometimes the degree 
of increase was more pronounced than that of the fall (rats Nos. 195, 277, 279, 
Table ITT). 

The urinary flow was also decreased on the days of injection, but. the 
amount of urine excreted on the days following the injection was much above 
normal, especially in the case of some rats (Table III, rats 277 and 561). No 
constant difference in the response of normal and cryptorchid rats was noticed, 
nor in the influence on the metabolism of extracts prepared from bull’s or 
bullock’s glands. 

SUMMARY. 


1, Administration per mouth of anterior or posterior lobe of the pituitary 
gland, dried at room temperature in vacuo, did not influence definitely the 
urinary flow or the nitrogen metabolism of rats and rabbits. 

2. Subcutaneous injections of glycerol-watery extracts of the anterior lobe 
of fresh pituitary produced on the day of injection a decreased urinary flow 
(to 35 % below normal) and a decrease in the nitrogen metabolism (to 27 % 
below normal). 

3. On the days following the injection (a) the nitrogen excretion remained 
depressed in rabbits, but increased to 28 % above normal in rats; (b) the 
volume of urine excreted was much above normal especially in some rats. 

4. No special difference was noticed in the response of cryptorchid animals 
as compared with that of normal animals, nor in the influence of the extracts 
prepared from bull’s or bullock’s pituitary. 


A grant from the Medical Research Council and the hospitality of the 
Lister Institute have enabled us to carry out this work and to them our thanks 
are due. We also wish to express our sincere gratitude to Sir Charles Martin 
for his continuous support and criticism of this work. 
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XCVI. THE EFFECT OF BICARBONATE IONS 
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Amonc the inorganic anions occurring in the body, the chlorides and bicar- 
bonates are, in point of quantity, the most important. It is known that these 
two anions may, to a large extent, replace each other in the body without 
causing any very profound physiological effects (other than the change in 
the acid-base balance), though certain other anions are not to the same extent 
interchangeable without pathological results. In various physico-chemical 
relationships the different anions are known to produce markedly different 
effects, as is shown by the persistence of the lyotropic or Hofmeister series 
in many phenomena, including various aspects of protein-water equilibria. 

The effects of chloride and nitrate on water imbibition by gelatin at varying 
salt concentrations, temperatures, and py, have been studied by Jordan-Lloyd 
and Pleass [1927, 1928]. At low concentrations the effects of these nnivalent 
anions follow the valency theory of Loeb [1922], but at higher concentrations 
the effects diverge—which is interpreted as being evidence of a lyotropic 
difference. 

In view of the physiological importance and variability of the HCO, ion 
concentration, it seemed of interest to study the effect of this ion on gelatin 
swelling in a manner parallel to part of the work of Jordan-Lloyd and Pleass 
on the Cl and NO; ions. The feasible range of py for studying the bicarbonate 
effect by this method is limited. Above py 8 the concentration of the car- 
bonate ion ceases to be negligible. At low concentrations of bicarbonate the 
“Loeb effect”’ becomes predominant; and the bicarbonate concentration 
places a lower limit on the range of py obtainable by equilibration with CO,. 
However, the feasible py range approximates to the physiological py range. 

The gelatin was prepared by the method described by Jordan-Lloyd and 
Pleass [1927]. Twelve sheets of Coignet gelatin were put in 3 1. of 0:2 M NaCl, 
the py being adjusted to 3 by HCl; the mixture was gently stirred; after 
several hours HCl was added to restore the py to 3. This was repeated until 
equilibrium had been reached. The fluid was then removed, and 31. of fresh 
0-2 M NaCl at py3 were added. After standing overnight the fluid was 
decanted and the gelatin washed with distilled water until the chloride test 
(AgNO,) showed only a faint trace. The gelatin was air-dried. It contained 
19-6-19-9 % water. Samples, ashed, gave negative oxalate tests for calcium. 
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Pieces of the gelatin weighing from 0-05 to 0-09 g. were placed in Gooch 
crucibles in the test fluid (1 cc. fluid to 0-001 g. gelatin) in small wide-mouthed 
bottles (fitted with rubber stoppers and aeration tubes), in a water-bath at 
15° + 0-5°. This temperature was chosen to keep the gelatin in the insoluble 
“A” form [Smith, 1919]. The test fluid being NaHCO, solution of known 
molarity, washed CO, was bubbled through, either from a generator or from 
a large Douglas bag filled with a CO,-air mixture of known CO, content. 
Equilibration was tested by analysis (Haldane method) of the gas mixture 
issuing from the bubbling chain after passing through the solutions. All 
stoppers, rubber connections, etc., were sealed with paraffin. The bottles were 
kept in the bath for 3 days. The crucibles and gelatin were then removed, 
gently dried with filter paper, and promptly weighed. Swelling was expressed 
as the wet-swollen weight in percentage of the dry weight of the gelatin, and 
was plotted against py. 

Tests were made at four intervals along the py ordinate of the curves. 
The py of the solutions was calculated by the Henderson-Hasselbalch equation 
from the amount of base and the CO, tension. In the higher strengths, 
approximate correction for the Debye-Huckel effect was made by the formula 


[Clark, 1928] log y = —°¥# 


——_—_———.. For a the- value 4:2 x 10-® was used 
1433 x 107aV u 


[Kolthoff, 1928]. This correction amounted, in the high concentrations, to 
0-2 py. The salting-out term was ignored. The value of pg for carbonic acid 


was taken as 6-54 at 15° (calculated from data given by Hastings and Sendroy 
[1925]. A series of determinations by the quinhydrone electrode indicated that 
the calculated py was accurate to 0-15, which, in view of the scatter of weight 
results and the curve shapes, was satisfactory. 

A few series of parallel tests with NaCl-NaOH and NaNO,—NaOH were run 
for comparison and to connect the results with the data of Jordan-Lloyd and 
Pleass. A few tests were also made with acetate. The gelatin was placed as 
before in sealed bottles with the salt mixtures; the py, was determined electro- 
metrically at the end of the swelling period, when the gelatin was weighed. 

The water-swelling of gelatin does not reach a true equilibrium. The wet 
weight is not an altogether accurate measure of the amount of “water of 
swelling.” “Gelatin” is perhaps not a homogeneous entity. The section of 
the curves studied was necessarily short. As a consequence of these and other 
facts, the results obtained are rather widely scattered from the means. (The 
maximum scatter was 276 between extremes of triplicates, though as a rule 
the agreement was much better. The standard deviation from the mean 
was 52.) By strict statistical methods, it would be difficult to state with a high 
degree of accuracy the position and orientation of the curves obtained. They 
seem, however, to be consistent with each other and with previous work and 
capable of yielding information of some value (see Fig. 1). 

As can be seen from a comparison of the extended curves for chloride and 
nitrate effects obtained by Jordan-Lloyd and Pleass, it is obviously unsafe to 
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make, from a study over such a limited range of py and concentration, and 
using gelatin swelling as a criterion, any generalisation as to the position of 
the bicarbonate ion in a lyotropic series. Certain facts, however, do seem to 
be of interest. The swelling-suppression effects are, in this range and within 
the rather large experimental error of the method, of the same order of 
magnitude as for the chlorides, and greater than for the nitrates (the difference 
being evident in the higher concentrations). The swelling of the gelatin in 

5 M sodium acetate at py 7-3 was 1690 % (average of three tests), lower by 
about 130 than the corresponding point in the 0-5 M bicarbonate curve. The 
usual Hofmeister series is acetate—chloride—nitrate—bromide [Bancroft, 1921]. 
These results suggest that, at least under these limited conditions, the HCO, 
ion lies approximately with the Cl ion in the series. It also appears that 
variations in py cause rather less variation in the effect on protein swelling 
(in that the curves are flatter) than do corresponding variations in chloride. 
While no physical or chemical explanation can be offered, these facts are of 
interest in view of the predominance of the chloride and bicarbonate ions in 
the body, their relative interchangeability, and the relative lability of the 
body bicarbonate and CO, concentrations. 


Swollen wt (% of dry wt) 





Fig. 1. 


SumMaRY. 
The effect of varying bicarbonate concentration and py on gelatin swelling 
was studied over a limited range and found to be of the same order of magnitude 
as the corresponding effect of the chloride ion. 


I wish to express my indebtedness to Sir F. G. Hopkins and to Mr J. B. S. 
Haldane, who suggested the problem and gave much help and advice. 
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INTRODUCTION. 


Vitamin B, as required for the normal nutrition of rats, has been demon- 
strated in recent years to consist of at least two factors. Vitamin B, is the 
factor, a deficiency of which is apparently related specifically to the typical 
convulsive symptoms associated with vitamin B-deficiency. It is sharply 
differentiated from vitamin B, by its relative instability to heat and alkali. 
Obviously the recent discovery of its complex nature necessitates a repetition 
and revision of much of the earlier work on vitamin B. 

The present paper records the results of certain attempts to concentrate 
vitamin B, which have been made during the last two and a half years. The 
following table summarises the more important progress in the chemical 


isolation of vitamin B that has been recorded. 


Source of 
Investigators vitamin 
Suzuki et al. Rice-polishings 
[1912] 


Edie et al.[1912] Yeast 


Rice-polishings 


Funk [1913] 
Yeast 


Abderhaldenand Yeast 
Schaumann 
[1918] 

Hofmeister Rice-polishings 
[1920] 

Seidell [1924] Yeast 

Bowman and Mung bean 


Yee [1925] 
Jansen and 
Donath [1926] 


Rice-polishings 


Kinnersley and Yeast 
Peters [1928] 
Levene [1928] Yeast 
* Day-dose = 


Dose 
5 mg. (by mouth) curative 
for pigeons 


3-6 mg. (by mouth) curative 
for pigeons 


4-8 mg. (by injection) cura- 
tive for pigeons 

5 mg. (by injection) curative 
for pigeons 


5-10 mg. curative for pigeons 
2 mg. fed daily to pigeons 


3 mg. (by injection) curative 
for pigeons 

0-012 mg. 
pigeons 

0-027 mg. (by mouth) cura- 
tive for pigeons 

0-07 mg. fed daily to rats in 
addition to a B,-prepara- 
tion 


fed daily to 


curative dose 


Remarks 

The dose was given daily for 
3 days. Afforded protec- 
tion for more than 10 days 

6 mg. administered on the 
Ist day, 3 mg. on the 3rd 
and 9th days. Protected 
for 15 days 

Protected for 4-6 days 


Protected for 19 days (only 
one pigeon tested) 


Protected for 8-10 days 


Prevented loss of weight for 
8-14 days 

No mention as to how many 
days’ protection afforded 

Protected for more than 
4 weeks 


Day-dose* 


Produced good growth for a 
period of 3 weeks 





number of days for which protection is afforded 
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Although a strict comparison of the potency of different preparations 
obtained by various investigators is impossible in view of variations in the 
method of testing, it is clear that the products obtained by Jansen and 
Donath, Kinnersley and Peters, and Levene are much more potent than the 
earlier preparations. Of these recent attempts to concentrate and isolate 
vitamin B, most importance is to be attached to the claims of Jansen and 
Donath. These investigators used an extract of rice-polishings as the starting 
material. Their method involved adsorption by a kind of “acid-clay,” re- 
sembling fuller’s earth in its selective powers of adsorption [Seidell, 1916]. 
This was combined with modifications of the usual methods for the isolation 
of simple natural bases. The active substance was obtained in the form of 
a crystalline hydrochloride, which protected pigeons from “ polyneuritis” in 
daily doses of 0-012 mg. for over 4 weeks. Rice-birds (Munia maja), which 
were employed as the chief test-animals, were protected by the same material 
in daily doses of 0-002 mg. for more than 3 weeks. If left on the basal diet 
without the vitamin preparation, the pigeons and rice-birds were stated to 
exhibit symptoms generally within 3 weeks and 13 days respectively. The 
activity of the substance was confirmed by E:jkman [1927], who effected a 
cure by administering 0-2 mg. by mouth to a pigeon in severe convulsions. 
Smaller doses were not tried. Jansen and Donath suggested from its behaviour 
towards silver nitrate and baryta and from the fact that it gave a strong 
Pauly reaction that the “vitamin hydrochloride” obtained was a glyoxaline 


derivative. 
EXPERIMENTAL. 


Biological technique. 


In view of the fact that both rats and pigeons have been extensively 
employed in researches on vitamin B,, it was thought advisable to study the 
activity of the preparations made during the present work by tests on both 
species. Rats were employed as test-animals throughout the experiments and 
both rats and pigeons in the more important stages of fractionation. 

Rat tests were carried out by studying the influence of the supplement on 
the growth of young rats whose development had been inhibited by a diet 
deficient in vitamin B,. The rats, averaging 50 g. in weight, were kept in 
separate cages with screened bottoms and were fed on an artificial basal diet 
consisting of 75% rice-starch, 21% commercial “casein” and 4% salt- 
mixture (McCollum). Each rat received in addition one drop of cod-liver oil 
of proved potency and | cc. of a 50 % solution of marmite, autoclaved for 
3 hours at 14-15 lb. pressure in an alkaline medium. Such treatment is known 
to destroy all the vitamin B, in marmite, while the amount of vitamin B, in 
it is not seriously reduced [Hassan and Drummond, 1927]. An adequate 
supply of vitamins A, D and B, was thus ensured. All these supplements, as 
well as the B, preparation to be tested, were supplied daily in a separate dish 


56—2 
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so that consumption could be checked. The standard of good growth in these 
experiments was a weekly gain in weight of 10-12 g. for a period covering 
2-4 weeks. It was considered that a more prolonged test might be unsafe in 
view of the evidence which has been accumulating lately regarding the 
existence of a third yeast factor necessary for the normal development of rats. 
In all cases the vitamin B, supplements were given when the growth-curve was 
either flat or falling, showing a depletion of the vitamin B, reserves of the 
body. In order to obviate complication by refection it was always ensured 
that the withdrawal of an active supplement was followed by a decline in 
weight. In the course of this work a few cases of refection were, in fact, 
encountered. In a number of the fractions the curative property was also 
investigated by subcutaneous injection into rats exhibiting typical beriberi 
convulsions as a result of prolonged deprivation of vitamin B,. 

In the case of the pigeon tests the curative technique was adopted. The 
pigeons were fed on polished rice ad libitum. This technique, as a method for 
the quantitative assay of vitamin B,, has been much improved in recent 
years [Kinnersley, Peters and Reader, 1928]. In our experiments the pigeons 
were not fed on a standard complete diet before being placed on the polished 
rice dietary. Kinnersley, Peters and Reader’s observations indicate, however, 
that such treatment only increases the proportion of pigeons which exhibit 
typical symptoms within 30 days of feeding on polished rice, but does not 
appear to reduce appreciably the variability in response of different birds to 
the same dosage. It is clear that under these circumstances a mean may be 
taken only when the different doses do not vary greatly from one another. 
It was necessary, therefore, to leave out all abnormal cases, which were 
fortunately few in number. In our experiments the possibility of spontaneous 
cures has been excluded by using polished rice as the basal diet [Kon and 
Drummond, 1927; Kon, 1927], whilst heat-cures [Peters, 1924; Roche, 1925] 
were guarded against by keeping the pigeons in a comparatively warm room. 
Under these conditions 50-60% of the pigeons exhibited the classical 
symptoms, the majority doing so within 30 days. They were treated by injec- 
tion within 5 hours after their condition had been noticed, and tests were 
considered positive only when the cure lasted for 3-13-days. Usually the 
pigeons after being treated with an active preparation were afforded protection 
for periods considerably more than 4 days. When the preparations found 
active were tried at the second or even at the third onset of convulsions, cure 
was effected provided the birds had sufficient strength to go through the tests. 
Injection was preferred to administration by mouth as in the latter case there 
is some risk of the dose being rejected or not being absorbed [Funk, 1911]. 
If the preparation was active, the symptoms of head-retraction usually cleared 
up within 2-5 hours after treatment and the paresis of the legs usually im- 
proved. A few cases of emprosthotonos [McCarrison, 1921] were encountered, 
which also responded to the treatment with vitamin B, extracts, though less 
uniformly than the typical cases of opisthotonos. Such cases were, therefore, 
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not usually considered. The day-dose was calculated as the curative dose 
divided by the number of days for which protection was afforded on continued 
feeding on polished rice. 


Testing for vitamin B, with known substances. 

Before starting experiments on the concentration of vitamin B, it was 
considered advisable to re-test certain substances, which have at one time or 
another been claimed to possess antineuritic or growth-promoting properties, 
since most of the experiments on which these claims were based were made 
before the multiple nature of vitamin B was recognised. Of these substances, 
yeast nucleic acid [Schaumann, 1909; Ganassini, 1924], nicotinic acid [Funk, 
1913], betaine [Williams, 1916, 1917], and the substance of M.P. 234-5° 
[Drummond and Funk, 1914] gave negative results when tested in the present 
investigation. 

The fact that vitamin B, preparations are rendered inactive by heating 
with alkali led us to test the activity of the volatile bases liberated from 
marmite by boiling it with 20% sodium hydroxide, again with a negative 
result. 

Attempts at the isolation of vitamin B,. 

In these experiments we selected wheat embryo as the starting material 
in view of the fact that it is very rich in vitamin B, and relatively poor in B,. 
A concentrate was finally obtained which cured pigeons in a day-dose of 
0-005 mg., and produced good growth in rats in a daily dose of 0-015 mg. 
Evidence was also obtained which suggests that the action of vitamin B, 
itself is probably to be ascribed to more than one chemical individual, a point 
to which we shall again refer. 

Extraction of wheat embryo. Wheat embryo was best extracted for our 
purposes with 50 % alcohol, containing a very small quantity of hydrochloric 
acid. 101-8 kg. of “Bemax” wheat embryo were, therefore, extracted twice 
with 254-5 litres of 50 % alcohol (by volume) containing 0-5 % concentrated 
hydrochloric acid, each extraction being carried out for 3-4 hours between 
60° and 70°. This was filtered under pressure. The filtrate on concentration 
in vacuo yielded a yellow, viscous mass weighing 20-15 kg. In this condition 
the active substance can be kept without appreciable loss for considerable 
periods (10 months at least), stored at 0° in the dark in well-closed vessels. 
The amount of total solids was 15-59 kg., of which 14-96 kg. were organic. 
It produced good growth in rats in doses containing 77-2 mg. solids, of which 
73-5 mg. were organic, and equivalent to 0-5 g. embryo. This extract formed 
the starting material for two different processes of fractionation. 


First method of fractionation. 
Stage 1. Fractionation by lead acetate. An amount of the above extract 
equivalent to 49 kg. embryo was dissolved in 22 litres of distilled water. The 
opalescent fluid was treated with 1-2 kg. lead acetate in 50 % solution, which 
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represented a slight excess over that required for complete precipitation. After 
allowing the precipitate to settle overnight, about 12 litres of the supernatant 
liquid were syphoned off and the bottom layer was filtered through a Biichner 
funnel. The lead precipitate was finally washed with a little water. To the 
total filtrate and washings, approximately 25 litres, concentrated hydrochloric 
acid (ca. 310 cc.) was added to make the solution just acid to Congo red. The 
resultant precipitate was allowed to settle and then removed. The filtrate was 
freed from lead by treatment with hydrogen sulphide. Subsequent removal 
of the hydrogen sulphide gave a solution which was active in doses equivalent 
to 0-5-0-75 g. embryo and contained 48-72 mg. organic matter of which 
2:3 % was nitrogen (with reference to the organic matter present). 

Stage 2. Charcoal adsorption at various hydrogen ion concentrations. The py 
of the solution at this stage was usually 2-8-3, but, if not, it was adjusted to 
this value and the solution (24 litres) stirred for two periods of 20 min. with 
500 g. norite each time. After removal of the charcoal the py of the filtrate 
was raised in stages to 4, 5, 6 and 7 by carefully adding 2 N NaOH. At each 
of these stages it was similarly treated with norite. Each lot of 1 kg. norite 
was extracted by refluxing twice successively with 5 litres of 50 % alcohol 
containing 1 % HCl, each extraction lasting half an hour and being carried 
out at 60°. All the extracts were subsequently concentrated in vacuo to remove 
alcohol and then tested on rats. The active material was preferentially adsorbed 
under our conditions at py 4 and 51. 


Total organic 
matter (g.) 
Pu 3 94-5 N=7:3%. Very slightly active in doses equivalent to 4g. 
embryo and containing 7-9 mg. organic matter 
90 N=9-6%. Very active in doses equivalent to 2g. embryo 
and containing 3-8 mg. organic matter 
90-2 N=9-6%. Very active in doses equivalent to 2g. embryo 
and containing 3-8 mg. organic matter 
24-8 N=17-4%. Very slightly active in equivalents of 6 g. embryo 
and containing 3-0 mg. organic matter 
30-6 N=5-0%. Inactive in equivalents of 6g. embryo and con- 
taining 3-7 mg. organic matter 
Final filtrate 4185 N=1-:8%. Inactive in equivalents of 6 g. embryo, and con- 
taining 0-524 g. organic matter 


Stage 3. Fractionation with phosphotungstic acid. The extracts corre- 
sponding to py 4 and 5 were combined and the py raised to 5 by adding 
2 N NaOH. The colour of the solution darkened and a light flocculent pre- 
cipitate separated. This was removed as it was found to carry no activity. 
Sufficient sulphuric acid was added to the filtrate to make it 5 % acid, and 
the solution was then treated with 1-5 kg. phosphotungstic acid in saturated 
solution in 5 % sulphuric acid. The phosphotungstic acid added represented 
a considerable excess over that required for complete precipitation, but 
it was found that the precipitation of the active material was apparently 

1 We have been able to confirm the statement of Kinnersley and Peters [1928] that vitamin B, 


is selectively adsorbed from yeast extracts by norite at py 7. The preparation so obtained is 
curative for pigeons and also promotes good growth in rats, when supplemented by vitamin B,. 
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dependent on such excess. Nearly all the active material was found in the 
precipitate removed after standing for 40 hours. The precipitate and filtrate 
were both rendered free from phosphotungstic acid by treatment with con- 
centrated hydrochloric acid and amy] alcohol and ether. 

Stage 4. Adsorption on silver oxide. The acid aqueous solution of the 
substances that had been precipitated by phosphotungstic acid was shaken up 
with an aqueous suspension of freshly precipitated silver oxide (free from 
alkali), sufficient to produce a reaction neutral or very faintly alkaline to 
litmus. The resulting precipitate, which was found to contain highly active 
material, was separated from the inactive filtrate, washed with a little water 
and extracted twice with 2 litres of 50 % alcohol containing 1 % concentrated 
HCl above the amount of HCl required to combine with any free silver oxide. 
After the removal of the alcohol in vacuo the red solution proved active in 
doses equivalent to 2 g. embryo, containing 1-3 mg. organic solids. It contained 
17-8 % nitrogen. 

Stage 5. Fractionation with alcohol. Further attempts to concentrate the 
active material usually resulted in a certain amount of loss. The solution 
resulting from the extraction of the silver oxide precipitate was evaporated 
to dryness in vacuo and fractionated in the following manner. It represents 
one of the methods of alcoholic fractionation followed and gave fairly good 
results. 


Dry residue (total wt. =29-2 g. equiv. to 45 kg. embryo). 
Taken up in 50 % alcohol (250 cc.) at 60° 
! 





| 

Insoluble pawn (8-1 g.): taken Filtrate: treated with 

up in water (20 cc.) filtered from with an equal volume 

small precipitate and treated of absolute alcohol 

with an equal volume of absolute 

alcohol 
I | | I 

Precipitate (3 g.): Filtrate: evaporated Filtrate: evaporated Precipitate 
very low activity to dryness in vacuo to dryness in vacuo 
in equivalents of | | 


6 g. embryo ; | , 
Combined and extracted with a 


total volume of 500 cc. absolute 
alcohol at 60° 


l I 
Filtrate: straw-coloured (a) Residue: brownish-red 
| 





| 
Combined and extracted 
with 2 litres absolute 
alcohol, containing 0-2 % 
cone. HCl 
I 


| I 
Filtrate: wine-red (5) Residue (18 g.) 
| low activity in 
: we equivalents of 
Combined (total solids =7-53 g., 6 g. embryo 
total organic matter=7-29 g.). 7 
Active in doses equivalent to 
3-7 g. embryo containing 0-6 mg. 
organic matter 
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Stage 6. Treatment with picrolonic acid. Solutions (a) and (6) were combined 
and evaporated to dryness in vacuo at 40-50°. The residue was taken up in 
water (150 cc.) and brought to pq 6-5 with 2 N NaOH, when the small pre- 
cipitate produced was filtered off and found to be inactive. The filtrate was 
treated with an absolute alcoholic solution of picrolonic acid in slight excess, 
whereby a semi-crystalline yellow precipitate was produced. Both precipitate 
and filtrate were rendered free from picrolonic acid by means of hydrochloric 
acid and ether. The precipitate was found to be inactive, even in doses equi- 
valent to 12 g. embryo, while the filtrate was active in doses equivalent to 
4-5-6 g. embryo and carrying 0-4-0-5 mg. organic matter. Nearly 11 % of the 
activity of the original extract of wheat germ was present in this product. 
The precipitate and the filtrate contained respectively 22-0 % and 16-5 % 
nitrogen (Micro-Kjeldahl). 


Pigeon-curative tests with the picrolonic filtrate. 


Dose injected Days of Day-dose 

Pigeon No. (mg.) protection (mg.) 
0-03 
0-037 
0-04 
0-05 
0-05 
0-05 


Average day-dose =0-043 mg. 


Some of the pigeons were cured again by means of the same extract on 


a second and even a third onset of convulsions. A few died without exhibiting 
symptoms a second time. One pigeon was protected for 15 days after the 
injection of 0-15 mg. but this: was excluded from consideration, as probably 
an abnormal case. 

Attempts at further concentration. Several methods of concentrating further 
the active material in this preparation were investigated without success. 
Amongst these was a second precipitation with phosphotungstic acid followed 
by fractional crystallisation from hot water and from mixtures of acetone 
and water. Attempts were made to adsorb the active principle selectively on 
silica gel at py 3, 4 or 5, followed by subsequent extraction at py 9-5 [Levene 
and van der Hoeven, 1925; Levene, 1928], but with no success. Fractionation 
with platinic chloride likewise yielded unsatisfactory products and resulted in 
marked loss of activity, which could be traced neither in the platinum pre- 
cipitate nor in the filtrate. Representative curves illustrating the potency of 
the extract at different stages in this method of fractionation are shown in 
Fig. 1. 

Second method of fractionation. 

This method approximates to that followed by Jansen and Donath [1926] 
in their fractionation of rice-polishings and has yielded interesting results. 

Stage 1. Adsorption by fuller’s earth. 2 kg. of the original wheat embryo 
extract, equivalent to 10 kg. embryo, were dissolved in 20 litres of distilled 
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water. The py of the resulting solution was usually 4-5. If not, it was adjusted 
to this reaction and agitated vigorously for half an hour with 1 kg. of fuller’s 
earth, which had been previously tested for its adsorbing capacity [Seidell, 
1926]. After leaving overnight in the cold the supernatant fluid was syphoned 
off. It possessed little physiological activity. The bottom layer was filtered 
and the fuller’s earth residue washed with a little water, acidulated with 
hydrochloric acid to py 4:5. The residue was extracted by grinding in small 
portions of 80-100 g. with a total volume of 1500-2000 cc. of saturated 
baryta, each extraction being carried out as quickly as possible and followed 
by rapid filtration. The duration of contact between fuller’s earth and baryta 
should be as short as is consistent with good extraction. The filtrate was 
received in filter flasks containing an excess of sulphuric acid so as to remove 
the barium and restore an acid reaction quickly. The precipitated BaSO, was 
removed and the filtrate concentrated in vacuo to 750 cc. The resulting 
solution was found to be highly active in doses equivalent to 1 g. embryo and 
containing 2-9 mg. total solid, of which 2-6 mg. was organic with 13-3 % 
nitrogen. 


Fig. 1. 
Curve (1). 50 % alcoholic extract of wheat embryo; +4 dose, equivalent to 0-5 g. wheat 
embryo. 
Curve (2). Filtrate from lead precipitate; + dose, equivalent to 0-75 g. wheat embryo. 
Curves (3) and (4). Charcoal fractions at py 4 and 5 respectively; + dose, equivalent to 
2 g. wheat embryo. 


Curve (5). Silver fraction; + dose, equivalent to 2g. wheat embryo. 
Curve (6). Combined (a) and (6) fractions; + dose, equivalent to 3-7 g. wheat embryo. 
Curve (7). Picrolonic filtrate fraction; + dose, equivalent to 5 g. wheat embryo. 

{ Supplement withdrawn. 

Stage 2. Fractionation with silver nitrate and baryta. The solution after 
the removal of barium had a py below 1-8. 45 cc. 50 % silver nitrate (excess) 
were added with stirring. A drop of the solution then gave a brown precipitate 
almost immediately with excess of baryta. The mixture was treated gradually 
with constant stirring with sufficient saturated baryta to raise the py to 4-5. 
The precipitate was filtered off and the filtrate brought to py 6-5 by adding 
more baryta with constant stirring. After standing overnight in the cold the 
dark brown precipitate, which carried almost all the activity, was filtered 
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repeatedly through the same filter under suction, until the filtrate was nearly 
clear. More baryta was now added to the filtrate to bring the py to 8 and 
the precipitate filtered off quickly. The silver precipitates obtained at the 
three reactions were separately decomposed by triturating with concentrated 
hydrochloric acid and the silver chloride was removed. The solutions corre- 
sponding to py 4:5 and 8 were entirely inactive even in doses equivalent to 6 g. 
embryo. The solution corresponding to py 6-5 was opalescent and greyish- 
brown even after repeated filtration. It was active in doses equivalent to 
1-5 g. embryo, representing 0-21 mg. total solids, of which 0-18 mg. was 
organic matter. It contained 12-5 % nitrogen. 

Stage 3. Fractionation by phosphotungstic acid. The acidity of the above 
extract having been measured by titration, enough sulphuric acid was added 
to make it 5 % acid, when it was treated with a small excess of a saturated 
solution of phosphotungstic acid in 5 % sulphuric acid. After standing in the 
refrigerator for 38 hours the phosphotungstic precipitate was filtered off under 
suction and washed with 5 % sulphuric acid (moist weight, 6g.). It was 
fractionated by grinding in a mortar with 75 cc. of 50 % acetone. The solution 
after filtration gave a clear red filtrate, leaving a small precipitate, which 
was washed with a little 50% acetone and the washings were added to the 
main filtrate. The clear solution was poured into 300 cc. of 5% sulphuric 
acid, and the precipitate produced, after standing in the cold for 40 hours, was 
collected, washed with 5% sulphuric acid, dried (1-7 g.) and then ground 
and dissolved in 60 cc. of 50% acetone. Saturated baryta (60-70 cc.) was 
then gradually added until the solution reacted alkaline to phenolphthalein. 
On shaking violently the precipitate settled rapidly and was immediately 
filtered off. The filtrate was quickly acidified with N sulphuric acid and the 
excess acid removed by addition of the requisite amount of baryta. The 
product was active for rats in doses equivalent to 3 g. embryo, which contained 
0-10 mg. total solid. On testing this fraction on pigeons the following results 
were obtained: 


Dose injected Days of Day-dose 
Pigeon No. (mg.) protection (mg.) 
1 0-1 8 0-0125 
2 0-1 7 0-0143 
3 0-1 6 0-0167 


Average day-dose =0-0143 mg. 


Stage 4. Fractionation with platinic chloride. The nearly colourless solution 
obtained at the preceding stage was first concentrated at 40° and finally 
evaporated to dryness in a vacuum desiccator over soda-lime. The residue 
was a semi-crystalline slightly reddish coloured product, weighing 0-2677 g., 
representing 8-3 kg. embryo. It was extracted with absolute alcohol (250 cc.) 
in small portions at 60°. The amount which remained undissolved was 0-0777 g. 
but it produced subnormal growth in rats even in doses equivalent to 15 g. 
embryo. The alcoholic filtrate on concentration in a vacuum desiccator over 
calcium chloride produced a precipitate, which was inactive even in doses 
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equivalent to 12g. embryo, and was, therefore, discarded. The remaining 
solution on treatment with a slight excess of a 5 % solution of platinic chloride 
in absolute alcohol gave a yellowish-orange precipitate which was filtered off 
after standing for 24 hours at 0°. After decomposing the aqueous suspension 
of the precipitate with hydrogen sulphide a colourless solution was obtained, 
which was again evaporated to dryness over soda-lime. The residue weighed 
24-9 mg. equivalent to 7754 g. embryo, and was found to be active in doses 
equivalent to 4-6 g. embryo and containing 0-015 mg. total solids. About 
11 % of the activity of the original extract was thus retained in this material. 
The product was colourless and for the greater part micro-crystalline but 
obviously impure. The alcoholic filtrate from the platinic chloride precipitate 
gave a peculiar orange precipitate on concentration and treatment with a 
little water, but both this precipitate and the filtrate were entirely inactive. 
The potency of the active fraction as demonstrated by tests on pigeons is 
shown in the following table: 


Dose injected Days of Day-dose 
Pigeon No. (mg.) protection (mg.) 
1 0-0148 + 0-0037 
2 0-0296 9 0-0033 

3* 0-0592 7 0-00846 


Average day-dose =0-00515 mg. 


* This pigeon showed only slight emprosthotonos on the seventh day after cure. 





Fig. 2. 
Curve (1). Fraction adsorbed on fuller’s earth; + dose, equivalent to 1g. wheat embryo. 
Curve (2). Silver nitrate-baryta fraction (py 6-5); + dose, equivalent to 1-5 g. wheat 
embryo. 
Curve (3). Phosphotungstic fraction; + dose, equivalent to 3 g. wheat embryo. 
Curve (4). Platinic chloride precipitate fraction; + dose, equivalent to 9g. wheat embryo. 
: t dose, equivalent to 4-6 g. wheat embryo. 


Curve (5). Platinic chloride precipitate fraction; + dose, equivalent to 4-6 g. wheat 
embryo. 
{ Supplement withdrawn. 


Fig. 2 illustrates the potency of the different fractions obtained by this 
method for the growth of rats. 

Stage 5. Fractionation with gold chloride. The active preparation from the 
platinum compound was extracted with 20 cc. absolute alcohol at 60-70°. 
Nearly one-third of the total substance was removed in the form of an insoluble 
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inactive material. The soluble fraction (13-4 mg.) was concentrated slightly 
and treated with 5 cc. of a freshly prepared 5 % absolute alcoholic solution 
of gold chloride. As only a very slight turbidity was produced the liquid was 
warmed until clear and allowed to evaporate slowly in a desiccator over 
calcium chloride. A very small amount of micro-crystalline deposit was 
formed, which did not, however, appear to be homogeneous and did 
not show the characteristic appearance of the gold double salt obtained by 
Jansen and Donath and described by Eijkman [1927]. The gold salt was 
separated, when the solution had been concentrated to about 1-5 cc., washed 
with a very small amount of absolute alcohol and decomposed in aqueous 
suspension with hydrogen sulphide. The gold filtrate was also similarly 
decomposed after removal of alcohol. The filtrates were evaporated to dryness 
in a vacuum desiccator over soda-lime. The amount of the material obtained 
from the gold precipitate was 4-9 mg. and that from the gold filtrate was 
6-6 mg., both of which were equivalent to 6-3 kg. of embryo. The tests of these 
products on the growth of rats provided results that appear to us both curious 
and important. The insoluble gold salt gave a fraction that produced sub- 
normal growth in quite large amounts, e.g. 0-028 mg., whereas the soluble 
gold fraction was entirely inactive even in quantities of 0-038 mg., each of 
the doses being equivalent to 36 g. of embryo. When such sudden loss of 
activity apparently occurs, it is always advisable to investigate whether a 
resolution of the active principle into two or more constituents has been 
effected. In order to test this possibility a mixture of 0-014 mg. of the material 
obtained from the insoluble gold salt and 0-019 mg. of the soluble fraction 
was tried and found to produce good growth. This fact suggests, therefore, 
that the action of vitamin B, is probably to be ascribed to more than one 
factor. On this basis the gold precipitate would seem to contain most of one 
factor and a little of the other, whereas the gold filtrate would appear to be 
composed almost exclusively of the second factor. It is further significant that 
the substance from the insoluble gold salt gave a very strong Pauly reaction, 
whilst the soluble gold fraction gave a very faint response. Confirmatory 
evidence is being sought in further work in which, it is hoped, larger amounts 
of material will be available. These results obtained from experiments with 
rats (Fig. 3) appear to be borne out by curative tests on pigeons. 


Dose injected Days of Day-dose 
(mg.) Pigeon No. protection (mg.) 
Gold precipitate 0-0277 1 6 0-0046 
Gold filtrate 0-072 2 ll 0-0065 
Gold precipitate 0-014 
+ + \ 3 13 0-0025 
Gold filtrate 0-019 


It will be seen that the mixture of the gold precipitate and filtrate is more 
active than the precipitate alone, which itself is more active than the filtrate. 
Tests with the same solutions a month later showed that they had suffered a 
marked loss of activity, but not uniformly. The average day-doses of the gold 
precipitate, filtrate and the mixture were respectively 0-0092, 0-054, 0-0087 mg. 
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Certain properties and reactions of the vitamin B, concentrates. 


(a) Influence of hydrogen ion concentration and the period of heating on the 
stability of the vitamin. In general a preparation of the “antineuritic” factor 
or “vitamin B” has been found to be fairly stable to acids even when subjected 
to prolonged heating. Thus Steenbock [1917] obtained a preparation from 
egg-yolk which retained its antineuritic potency after treatment with hot 
hydrochloric acid. Drummond [1917] reported that the activity of marmite 
as shown by rat-tests was not much reduced by boiling with 1 % hydrochloric 
acid for 12 hours, though boiling with 20 % sulphuric acid inactivated the 
material considerably. McCollum and Simmonds [1918] likewise found that 
an active extract of wheat germ retained its activity for rats after treatment 
with hydrochloric acid. It has, in fact, been now and again asserted that acid 
hydrolysis produces a more active extract. For this statement, however, there 


f. 


9-p-0.014mg) 
g.f.(0-019mg) 


(0-038 mg) |9-P-(0-014 mg, 
g £.(0-019mg,) 
gotmg .p.(0-028mg,) 


Fig. 3. 
g-p. = Material obtained from the gold precipitate. 
g.f.=Material obtained from the gold filtrate. 
{ =Supplement withdrawn. 





is as yet little convincing evidence. Towards alkali, on the other hand, the 
substance has been found to be markedly unstable, especially on the appli- 
cation of heat. Cooper [1913] demonstrated the destructive action of ammonia 
on a vitamin preparation from horse-flesh. Osborne and Leavenworth [1920- 
21], as also Kinnersley and Peters [1928], have observed the same effect of 
caustic alkalis on the vitamin potency of yeast concentrates. The latter workers 
found that the destructive action of alkali was enhanced by the presence of 
alcohol. There are, however, a few quantitative discrepancies in the literature 
on the subject, which we are inclined to attribute partly to the variable 
behaviour of the substance in the presence of accompanying matter. Thus 
we found a sample of marmite to be somewhat more stable to alkali than a 
relatively pure preparation of the wheat-embryo extract. 

Sherman and Burton [1926] have recently investigated the vitamin B 
potency of tomato-juice under varying conditions using the constant weight 
of the test-rats during an experimental feeding period of 8 weeks’ duration as 
the criterion. Our experiments on the stability of one of our comparatively 
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concentrated preparations (charcoal concentrate) boiled at different hydrogen 
ion concentrations for different periods of time have yielded results which are 
in general accord with those of Sherman and Burton. These results are 
summarised in the following table. The hydrogen ion concentrations were 
adjusted by the addition of hydrochloric acid or sodium hydroxide. 
Av. weekly growth 
Time of Av. weekly growth on double 
boiling on original dose* original dose 
(hours) g. g. 
1 +11-0 +120 
8 +12-0 +14-0 
24 +12-0 +14-0 
9-0 +10-0 
+ 8-5 +10-0 
3-5 + 80 
0-6 + 9-5 
0 + 9-0 
- 90 + 5-0 


* “Original dose” stands for the dose in which the preparation produced good growth (weekly 
gain of 10-12 g.) prior to heating with acid or alkali. A supply of alkali-autoclaved marmite was 
of course always provided to supply the factor B,. 

While quantitative deductions from the above experiments are not 
warranted because of the inadequacy of the number of tests it is clear that 
this study leads to certain general conclusions. Boiling for 24 hours at py 1 
does not cause any appreciable inactivation. At py 5, however, the activity 
deteriorates slowly with the period of heating, the preparation requiring at 
least double the original dose to promote good growth after being boiled for 
24 hours at this reaction. Boiling for 1 hour at py 9 inactivates it to the 
extent of more than 50%; half an hour’s boiling results in relatively less 
destruction, whereas with 15 minutes’ boiling the loss of potency is still less. 
It may be concluded that the inactivation is, as might be expected, roughly 
proportional to the concentration of hydroxyl ions (see Sherman and Burton 
[1926]) and to the period of heating. 

(b) Action of nitrous acid. McCollum and Simmonds [1918] observed that 
wheat embryo extract treated with nitrous acid gas, when administered to 
rats as the sole source of vitamin B, was still able to promote good growth. 
It was pointed out that this experiment argued against the possibility of the 
vitamin being a primary or secondary amine. Peters [1924] found that 
treatment with nitrous acid did not cause any diminution of the antineuritic 
potency of his yeast-concentrates. Levene [1928] has made the same obser- 
vation regarding his concentrated preparations from yeast. We can also 
confirm these findings, having observed that the picrolonic acid filtrate fraction 
was not appreciably inactivated after treatment with nitrous acid both as 
regards the pigeon and the rat. The fraction tested was treated in the usual 
way with hydrochloric acid and sodium nitrite and then warmed for half an 
hour and finally boiled for a few minutes to expel the nitrous fumes. The 
charcoal concentrate obtained by the method of Kinnersley and Peters [1928] 
from brewer’s yeast was also found to retain its activity regarding the rat and 
the pigeon after similar treatment (Fig. 4). 


Vol. 23, p. 892 in the third column of the table 
for 0-6 read 6-0 
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(c) “Bios”’-activity of concentrates. For some years several investigators 
[ Williams, 1920; Eddy and Stevenson, 1919-20; Funk and Dubin, 1920] held 
the view that “bios” and vitamin B were identical, so much so that several 
methods were devised involving yeast growth as the criterion of the presence 
of vitamin B. It is now certain, however, that vitamin B, and “bios” are 
different. The former is peculiarly labile to alkali treatment, whereas the 
latter is extremely stable. In fact, several workers have shown that alkali- 
treatment of certain preparations destroys the vitamin B potency without 
reducing the activity for yeast growth [Souza and McCollum, 1920; Whipple, 
1920]. Fleming [1921] found that an extract of rice even after prolonged 
boiling with sodium hydroxide, which was present to the extent of 10%, 
retained its power of stimulating yeast growth unimpaired. It has been 
likewise found in this laboratory that the “bios”-activity of marmite is little 
affected by autoclaving with alkali at 12 Ib. pressure for 3 hours. 


Fig. 4. 
Curves (1) and (2). Picrolonic filtrate fraction treated with HNO,; + dose, equivalent to 6 g. 
wheat embryo. 
Curves (3) and (4). Peters’s charcoal concentrate from brewer’s yeast, treated with HNO,. 
+ dose, same as that of untreated concentrate. 
{ Supplement withdrawn. 


We conducted several experiments with the fractions obtained at the 
first and last stages of fractionation of wheat embryo to observe their growth 
on Saccharomyces cerevisiae (National Collection of Type Cultures, Chapman 
2160). All the fractions tested were highly potent as regards the rat and the 
pigeon. The results are summarised in the following table. The data for 
marmite are given for comparison. The respective doses for the growth of the 


rat are also stated. 
Addendum 
of prepara- Count of 
Rat-dose of tion perce. Count cells per ce. 
preparation of Reader’s of cells after incu- 
(B,-potency) medium inoculated bationfor Results after 
Preparation tested (mg.) (mg.) perce.* 48 hours* 7 days 
Baryta-autoclaved marmite 7 0-25 0-02-0-04 32 Copious growth 
Lead filtrate of embryo 51 0-25 0-02-0-04 25 Copious growth 
extract 
Picrolonic filtrate 0:4-0-5 0-04 0-1 Practically Very slight 
nil growth 
Mixture of materials 0-033 0-018 0-1 Practically Slight growth 
obtained from the gold nil (6-8 counts 


precipitate and filtrate per cc.) 
* Expressed in units of 250,000 cells per cc. 
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It is apparent from the above figures that the “bios”-activity of the lead 
filtrate, which was obtained at the earliest stage of fractionation, was com- 
parable with that of marmite heated with baryta. But the much purer 
concentrates obtained at the last stages had very little “bios” effect, though 
they were added in quantities which bore a much larger ratio to their respective 
rat-doses than the lead filtrate, and though the yeast inoculum was also 
considerably larger. Such slight growth as was noticed after incubation for 
7 days is known to occur with various substances and is not specific for 
“bios.” 

(d) Certain reactions. The active picrolonic filtrate gave a very strong 
Pauly reaction, which was comparable with that given by histidine. The 
crystalline substance obtained by Jansen and Donath was also stated to give 
an intense red coloration with Pauly’s reagent. This was part of the evidence 
which led them to suggest a glyoxaline formula for the substance they had 
prepared. All the active concentrates prepared from yeast by Kinnersley and 
Peters [1928] were also found to give a positive response to the Pauly reaction. 
They observed, however, that the substances responsible for the reddish 
reaction did not fractionate with the curative activity, but they were not led 
to any definite conclusions from this observation. 

Heated with 40% sodium hydroxide, the picrolonic filtrate fraction 
emitted a strong smell suggestive of alkylamines but no smell of scatole or 
indole was noticed (cf. Levene [1928]). No sulphur reaction with lead acetate 
was obtained. Millon’s, xanthoproteic and purine reactions were negative, 
which would appear to exclude the possibility of the vitamin being a 
hydroxyphenyl or purine derivative, which has been suggested from time to 
time. The platinum fraction and the preparation obtained from the gold 
precipitate gave a very strong Pauly reaction, whereas the gold filtrate 
gave a very faint one. The gold precipitate also produced a very faint blue 
coloration with Folin and Denis’s reagent. Using the preparation obtained by 
Jansen and Donath, Eijkman also observed a blue coloration with this reagent, 
which, however, was stated to be much weaker than that produced by a 
solution of uric acid of the same concentration. This observation is important 
in view of statements in the literature claiming that Folin and Denis’s reagent 
is a valuable guide in the detection of vitamin B. 


Discussion. 

In the first place it will be noticed from our results that there is no fixed 
ratio between the rat-dose and the pigeon-dose of the various concentrates 
investigated. Thus the rat-doses of the picrolonic filtrate, of the phospho- 
tungstic fraction and of the platinic chloride fraction were respectively 
10 times, 7 times and 3 times the pigeon-dose. Whether this fact indicates a 
difference between the rat-factor and the pigeon-factor or whether it reflects 
on the accuracy of the present biological methods of assay is uncertain, but 
probably the latter is the more likely explanation. 
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As regards the properties of vitamin B,, its behaviour appears to be 
determined to an extraordinary extent by the presence of other substances 
and by the previous treatment of a given preparation, a fact which has been 
pointed out by Kinnersley and Peters [1928]. These investigators observed 
that the solubility of their curative preparations from yeast in alcohol varied 
with their activity and with the hydrogen ion concentration of the solutions 
treated with alcohol. Similar variability has been observed with fractionation 
by silver nitrate. In our first method of fractionation it will be observed that 
the active material was not precipitated by platinic chloride, whilst in the 
second it was. In the first method the precipitation of the active substance 
appeared to be dependent on the presence of an excess of phosphotungstic 
acid, whereas in the second the amount of this reagent required was much less. 
Moreover, charcoal adsorbed most of the active material at py 4 and 5 in our 
first method, whereas the curative substance in yeast extracts has been found 
by Kinnersley and Peters to be adsorbed selectively by the same reagent in 
the zone of neutrality—an observation which we have been able to confirm. 
Jansen and Donath [1926] described a procedure in which the activity was 
found to be associated with the precipitate obtained by treatment of their 
concentrate from rice-polishings with picrolonic acid, whereas in the first 
procedure which we adopted for the concentration of wheat-embryo extract 
we have been able to recover most of the activity in the picrolonic acid filtrate. 
Similar apparently conflicting statements regarding the properties of vitamin 
B, have appeared repeatedly in the literature. It has been suggested that the 
factors which various workers were attempting to isolate from different 
sources were probably not identical. In this paper, however, it has been shown 
that even when the same biological techniques are adopted and the same 
substance chosen as the raw material, the properties of the active factor are 
profoundly modified according to the treatment undergone. It does not, 
therefore, appear strange that the substance should exhibit even greater 
differences in behaviour in the hands of investigators, starting from different 
raw materials and adopting different biological methods. 

From the experiments in connection with fractionation by gold chloride 
it appears reasonable to infer that the activity of vitamin B, is probably to 
be ascribed to more than one factor. In this respect, the rat-experiments and 
pigeon-experiments appear to corroborate each other. The literature is replete 
with discussions on the identity or otherwise of the antineuritic factor of 
Kijkman and vitamin B of McCollum and Davis. But there are comparatively 
few references to the complex nature of vitamin B, and very little clear-cut 
experimentation has been made on this point. Random suggestions have been 
made that the curative property possibly does not belong to a single chemical 
individual but to a combination of different substances. Recently, Kinnersley 
and Peters [1928] have stated that about 12 % of the activity of their yeast 
extracts was always associated with the lead precipitate, even upon a repre- 
cipitation. This along with other evidence has led them to suggest that they 
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were probably “dealing with two forms of vitamin B,, either differently 
combined or perhaps oxidised and reduced.” Evidence has also been given 
lately from different quarters about the existence of a third factor of the 
vitamin B complex besides B, and B,*. From the experiments recorded in this 
paper it is not possible to conclude whether the two (or more) components in 
the gold precipitate and the filtrate were originally present in the raw material 
or whether a resolution of vitamin B, was effected by the different reagents 
employed in the fractionation. Jansen and Donath [1926] have stated, in 
adducing proof of the purity of their “vitamin hydrochloride,” that on 
recrystallisation as well as on conversion of the gold salt back to the hydro- 
chloride, the substance retained most of its activity, and that the mother- 
liquor was much less active than the crystallised hydrochloride. But the 
physiological activity of the gold precipitate and the filtrate together does 
not appear to have been investigated. It is not unlikely that they might have 
found the mixture more active than either component. Conclusive evidence 
about the multiple nature of vitamin B, can, however, be obtained only when 
a more complete separation of the two (or more) components is effected by 
fractional crystallisation of the gold salt or by other means. 


SUMMARY. 


(1) The preparation of a concentrate of vitamin B, from wheat embryo 
is described, the pigeon-curative day-dose of which is 0-005 mg., and which 
promotes good growth in rats in daily doses of 0-015 mg., when supplemented 
by vitamin B,. 

(2) Evidence is presented which points to the multiple nature of vitamin B,. 

(3) Certain properties and reactions of the concentrates are described. 


We wish to express our thanks to the Medical Research Council for a grant 
out of which the expenses of this research were defrayed. One of us (B. C. G.) 
also desires to thank the Trustees of the Tata Education Scheme for a scholar- 
ship, and the High Commissioner of India for a personal grant. 


* We have also observed that ordinary marmite contains a factor or factors which can supple- 
ment to some extent vitamin B, and B, preparations, which, by themselves, are unable to produce 
normal growth in rats, even when administered in quite large doses [cf. Reader, 1928]. 
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XCVIII THE EFFECT OF COD-LIVER OIL 
FEEDING ON THE CALCIUM AND PHOS- 
PHORUS CONTENT OF COWS’ MILK. 
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From the Animal Nutrition Department, Albert Agricultural College, 
University College, Dublin. 


(Received July 24th, 1929.) 


THE increase in the vitamin D content of cows’ milk effected by the feeding 
of cod-liver oil is well recognised and can be demonstrated by experiments on 
rats. Hart et al. [1926, 1927] and Harvey [1927] have brought forward 
evidence to show that in the case of lactating animals the absorption of 
vitamin D from cod-liver oil or other food or through the agency of sunlight 
aids under certain conditions, the mineral metabolism, particularly the 
retention of calcium and phosphorus. As to the effect of the increased 
absorption of calcium and phosphorus on the quantity of these substances in 
the milk the results are conflicting. Miller [1926] found, in the case of the cow, 
a better assimilation of calcium and phosphorus with clover hay than with 
timothy hay, and also a better assimilation of calcium on high than on low 
quality protein, but he was unable to detect any definite change in the 
calcium and phosphorus in the milk. Indeed results like those of Becker, 
Eckles and Palmer [1927] in which it is shown that the milk of cows suffering 
from osteomalacia and showing a negative calcium balance did not differ in 
its calcium and phosphorus content from normal milk would seem to indicate 
that the calcium and phosphorus content of milk remains constant. On the 
other hand Harvey [1927], whilst effecting an improvement in the calcium 
balance of a lactating goat, found that, at least in the late stages of lactation, 
the percentage and the total calcium in the milk was increased by the adminis- 
tration to the animal of cod-liver oil; and Mattick [1928] claims that the 
giving of cod-liver oil to milking cows increases the percentage and the total 
calcium in the milk. The evidence put forward by Mattick is, however, not 
convincing proof of the tentative statement made in this connection. 

In the course of an investigation into the effect of food on butter fat! 
conducted by one of us (E. J. 8.) an opportunity offered itself to analyse the 
milk for calcium and phosphorus during the periods when certain foods, 
including cod-liver oil, were given. The results obtained were compared with 
those determined during periods of normal feeding. 


1 To be reported in a separate communication. 
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EXPERIMENTAL. 


Three cows of cross-bred shorthorn type which calved at the following 
dates—cow 1, October 12th, 1928, cow 2, November 15th, 1928, cow 3, 
September 10th, 1928—were given a ration which was made up as follows: 
for maintenance, 1 stone hay, 4-5 lb. sugar pulp (steeped); for production, 
3°5 lb. of the following mixture per gallon of milk produced: 


0-5 lb. ground nut cake | 
0-5 lb. cotton seed meal 


0-5 Ib. palm nut cake 3°5 lb. of this mixture contains 2-5 lb. 
0-5 Ib. linseed cake ; of starch equivalent and 0-6 lb. of 
1-5 Ib. bean meal protein equivalent 

1-5 Ib. maize meal 

1 lb. oats 


2-5 94 mineral mixture (2 parts sterilised bone flour, 2 parts 
ground limestone, 1 part common salt) 
Water was provided twice daily. 


The above system of feeding is referred to in the text as normal diet. 
A complex mixture was included in the production ration with the purpose 
of providing a suitable basic ration, in order that the effect of adding single 
oils to it might be determined. The cows were continuously housed during 
the period of the experiment, milked twice daily, and kept under constant 
conditions. The constancy of the treatment is shown by the fact that the 
milk yield of each animal remained practically unchanged for 4 or 5 months. 
The experiment was divided into six successive periods during which the 
feeding and treatment were as follows. Period I, normal diet; period II, 
referred to in graph as olive oil } dose, olive oil, 0-5 oz. per 3-5 Ib. of meals 
given (cow 1 received 4 oz.; cow 2, 3 oz. and cow 3, 3 oz. daily); period III, 
olive oil, 1 oz. per 3-5 lb. of meals given; period IV, cod-liver oil, 1 oz. per 
3°5 lb. of meals given (cow 1 received 8 oz.; cow 2, 6 oz. and cow 3, 6 oz. daily); 
period V, olive oil, 1 oz. per 3-5 lb. of meals given; period VI, normal diet. 
Calcium was determined in the milk of each cow daily, and a phosphorus 
determination was made for each cow for each period on a sample of milk 
composed of aliquot parts of the daily milk yields for the individual cow for 
the period in question. Calcium was determined volumetrically by pre- 
cipitation from a solution of the ash of a weighed quantity of milk with 
ammonium oxalate and ultimately titrating with 0-1 N potassium perman- 
ganate; phosphorus was determined in the ash of a weighed quantity of milk 
by the Pemberton-Neumann method as modified by Richards and Godden 
[1924]. In each case duplicate analyses were made. 

Particulars of the experimental periods and the results of the determinations 
of calcium and phosphorus in the milk are given in Fig. 1. 
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The results indicate no change in the percentage of calcium or phosphorus 
in the milk as a result of substituting cod-liver oil for olive oil in the diet of 
the cows, and show that the addition of either olive or cod-liver oil to the 
normal diet similarly made no change in the percentage of calcium or phos- 
phorus in the milk. Day-to-day variations occur in the percentage of calcium, 
and presumably also in the percentage of phosphorus, but such variations are 
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common to many of the constituents of milk. Their occurrence, however, 
nullifies the value of comparative results for calcium as obtained from deter- 
minations of the calcium content of milk taken at random dates. The total 
calcium and phosphorus in the milk is almost similar in each period, and in 
this connection it must be remembered that the milk yield remained practically 
constant during the different periods. It is worthy of observation that, while, 
with an unchanging milk yield, the addition of cod-liver oil to the diet effected 
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no change in the calcium or phosphorus of the milk, it at the same time 
seriously reduced the percentage of fat therein. This effect of cod-liver oil on 
milk fat has already been reported [Channon e al., 1924; Drummond ¢¢ al., 
1924; Golding et al., 1926; Golding and Zilva, 1928]. During the experiment 
the cows, which were in moderately good condition, maintained their weight 
at a fairly constant figure. 


Summary. 

The addition of 6-8 oz. of cod-liver oil daily to the diet of milking cows, 
which were fed on a winter ration including hay, roots and meals, and 
had reached the fourteenth, eleventh and nineteenth week respectively of the 
lactation period, did not alter the calcium or phosphorus content of the milk 


’ produced. 
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XCIX. THE ROLE OF CALCIUM IN 
SENILE CATARACT. 


By DOROTHY ROSE ADAMS. 


From the Biochemical Department, University College, London. 
(Received July 25th, 1929.) 


THE SERUM-CALCIUM OF PATIENTS WITH SENILE CATARACT. 


SENILE cataract is a condition which develops slowly, and it may, therefore, 
be due to a gradual change in some normal constituent of the blood, and, since 
it occurs at an age when the activity of the endocrine organs is said to be 
decreasing, it is possible that one of them is responsible for an alteration in 
the blood. A suggestion of this kind has been made by Fischer and Trie- 
benstein [1914], viz. that senile cataract is due to parathyroid deficiency. 
Their suggestion is based on their observation that 88-2 % of patients whom 
they examined showed physical signs of “latent tetany.” If such a hypothesis 
is correct, senile cataract might be considered to be analogous to that type of 
juvenile cataract which is associated clinically with tetany. The latter disease 
is one of the few in which a definitely low blood-calcium is known to occur, 
and which is generally attributed to a deficiency in the secretion of the 
parathyroids. 

Following on this suggestion, Tron [1926], A. and S. v. Pellathy [1927] 
and Polichova [1928] investigated the serum-calcium in patients with senile 
cataract, and found only slight differences from the normal. Their results may 
be summarised as follows. 

Tron, using de Waard’s method, investigated 10 normals of ages 42-59, 
and found a range of blood-calcium from 12-3 to 13-7 mg. per 100 cc. (av. 13-1). 
In 25 patients with senile cataract, values ranged from 11-12 to 13-70, giving 
an average of 12-25, i.e. only 0-84 mg. per 100 cc. less than the normal. 
Polichova obtained an average for normals of 13-5 mg. per 100 cc. and for 
14 cases of cataract of 13-8 mg. per 100 cc. A. and §. v. Pellathy used Kramer 
and Tisdall’s method [1921, 2] to investigate 48 cases of cataract, from 45 to 75 
years old, and found a range of 9-1—12-0 mg. per 100 cc. In a few older patients 
they obtained lower values, e.g. 9-1-9-4 mg. per 100 cc. A small number of 
normals, “one for each 5 years,” showed a range from 9-8 to 11-7 mg. per 100 ce. 

All these workers have agreed that there is no support for the theory of 
parathyroid deficiency. There is, however, considerable variation in their 
results, both in their actual figures, and in the differences found between 
“cataract” and normal values. Further, the normal blood-calcium has now 
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. been proved to be surprisingly constant between 9-5-10-0 mg. per 100 cc. 
[Kramer and Howland, 1920; Kramer and Tisdall, 1921, 1; Percival and Stewart, 
1926; Fraser, 1927], and by this standard the values given by Tron and by 
Polichova both for cataracts and normals are very high. Further, on inspection 
of their actual figures Pellathy’s results suggest that the blood-calcium in 
cataract is definitely raised, e.g. of 48 cases only 6 were below 10-0 and the 
average of the remainder was 10-75 mg. per 100 cc. 

In view of these discordant results it was considered worth while to repeat 
the estimation of the blood-calcium in a series of normal and cataractous 
subjects of the same age. 

Method. Clark and Collip’s modification [1925] of Kramer and Tisdall’s 
method was used. Blood was taken from the arm vein at about midday, when 
the subject was in a fasting condition. Samples from normal and cataractous 
patients were estimated concurrently. A duplicate estimation was made in 
every case. Owing to the difficulty of obtaining volunteer normal subjects of 
the right age, it was considered justifiable to use surgical patients in a con- 
valescent stage, and in good general condition as “normal” controls. A record 
was made of the vision of patients with senile cataract, while care was taken 
to see that the controls were free from cataract and from any condition which 
would affect the blood-calcium abnormally. 

The results are shown in Table I. 


Table I. A comparison of serum-calcium values in (a) normal subjects, 


and (b) senile cataract. 
(a) (6) 
| ee ——— 
Serum- Serum- 
calcium Vision calcium 
mg. per —_——— mg. per 
100 ce. R.E. L.E. 100 cc. 
11-00 Hm. 6/9 11-40 
9-82 p.l. 6/60 11-87 
8-32 6/2 6/60 12-85 
9-58 p.l aphakic 12-35 
9-72 6/18 5/60 12-23 
9-68 — — 10-60 
9-67 6/9 3/60 11-63 
9-90 Hm. 6/12 11-97 
8-85 — — 10-90 
9-01 Hm. 6/18 11-78 
9-72 6/9 6/9 9-72 
11-37 6/36 6/60 11-58 
9-32 c.f. 6/9 11-57 
11-22 p.l. 6/36 11-76 
9:53 6/60 6/60 10-81 
9-10 — — 10-67 
p.l. 6/60 11-00 
6/18 c.f. 10-90 
6/36 6/36 11-22 
6/60 p.l. 11-59 
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9-09 
9-70 
10-66 
9-81 
9-84 
9-76 Av. 11-46 


(1) In 21 controls of ages ranging from 32 to 72, the serum-calcium varied 
from 8-32 to 11-39 mg. per 100 cc. Of these, 2 were below 9-0, and 4 were above 
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10-0 mg. per 100 cc. (av. 9-76). There was no apparent relationship between 
the serum-calcium and the nature of the surgical affection in any of the cases 
examined. 

(2) In 20 subjects with senile cataract, of ages 46-76, the range in serum- 
calcium was 9-72 to 12-85 mg. per 100 cc. (av. 11-46). 

It may be concluded therefore that the serum-calcium is appreciably 
raised in patients with senile cataract and that there is no age-variation in 
the serum-calcium of either normal subjects or of those with senile cataract. 


THE RELATION OF CALCIUM TO THE CATARACTOUS LENS. 


The results are certainly against the theory that senile cataract is associated 
with a low blood-calcium or with a parathyroid deficiency. There remains the 
more difficult task of explaining the occurrence and influence of a raised 
blood-calcium. The first and obvious suggestion that the latter is a mere 
exaggeration of an ordinary senile process is improbable in view of the fact 
that there is no age-variation either in normal subjects or in those with 
cataract. 

In the hope of gaining further information as to the possible action of a 
high blood-calcium on the lens in vivo, some subsidiary experiments were 
designed to investigate the following points. 

(1) The action of calcium salts on lenses in vitro. 

(2) The influence on the lens of a high blood-calcium produced experi- 
mentally. 

(3) The estimation of the calcium content of human lenses, both normal 
and cataractous. 

(4) An examination of the histological evidence of calcium deposition in 
senile cataract. 

(1) The action of calcium salts on lenses in vitro. It is generally accepted 
[Duke Elder, 1926] that solutions of calcium salts have no action on fresh 
animal lenses in vitro except in concentrations far exceeding the physiological 
range. The evidence quoted is that of two observers, namely Stoeltzner [1906], 
who observed that pig lenses became clouded on the addition of 3-37 % calcium 
chloride to the isotonic solution of sodium chloride in which they were 
immersed, and Nelson [1923], who found that 2-25 % calcium chloride was the 
lowest concentration at which clouding occurred. 

In my own experiments fresh ox lenses were immersed without capsules in 
solutions of calcium chloride which had been buffered to the normal body 
Pg (7-5) with 0-001 N NaOH or with Ringer’s solution. The solutions ranged 
from 0-025 to 5-0 % calcium. From 0-7 % upwards the lenses showed very 
superficial areas of cortical opacity which increased in extent according to the 
concentration of calcium. These did not resemble the opacity of cataract in 
any way, and seemed rather to be a fine precipitation on the surface of the 
lens. The same changes occurred, though more slowly, in lenses with intact 
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capsules. It was only in hypertonic and unphysiological solutions, e.g. in 
unbuffered solutions above 2-5 % calcium, that a definite cortical opacity 
developed which was a true coagulation of lens-protein. 

As an interesting comparison to Burge’s observation [1914] that calcium 
chloride sensitises lens-protein to ultra-violet radiation, it was found that 
exposure to ultra-violet rays up to 3 hours, of lenses immersed in calcium 
solutions of the concentrations already quoted, and kept at 15°, caused only 
a slight increase in opalescence. Jess and Koschella [1923] reported that 
ultra-violet radiation of a lens in 0-02 % calcium carbonate solution did not 
cause it to become opaque. It was noticed also that sodium chloride appeared 
to have an antagonistic action to solutions of calcium salts, in that it favoured 
the maintenance of transparency in the lens. 

It thus appears to be a correct conclusion that calcium salts acting per se 
on the normal lens are unable to cause opacity except when they are present 
in such a concentration or at such a py as would not occur in life. Neither 
does it seem that ultra-violet radiation could have much effect in life (the 
exposures used by Burge were very prolonged). There are, however, certain 
facts in favour of the theory postulated by Burge [1914] “‘that calcium is one 
of the substances which may play an important rdle in the production of 
cataract” in that it may “modify the lens-protein in such a way that ultra- 
violet radiation can precipitate it.” For instance, a dialysed solution of the 
lens-protein a-crystallin, prepared according to the method described pre- 
viously [Adams, 1925] shows a fine flocculation proportional to the amount 
of a calcium salt added to it. In addition, solutions of both a- and f-crystallin 
show marked flocculation following half an hour’s exposure to ultra-violet radia- 
tion in the presence of a calcium salt. These changes are not strictly applicable 
to those which may occur in the whole lens in vivo, but are related to the 
physico-chemical problem of the denaturation and agglutination of protein 
solutions. Their significance in regard to the eye has been discussed recently 
by Duke Elder [1926, 1927]. 

(2) The influence of a high blood-caleium produced experimentally. By giving 
calcium lactate by mouth to a rabbit it is possible to raise the blood-calcium 
appreciably, and for a considerable length of time. I have found that repeated 
doses of this substance, equivalent to 1 g. of calcium per day, and continued 
for 5-6 weeks, cause no trace of cataract, although within 2 hours of each dose 
the serum-calcium rises 6-7 mg. and after 8 hours is still 2 mg. above normal, 
while it only regains the normal level in 20-24 hours. 

It is possible to prove that a high serum-calcium actually leads to a 
corresponding rise in the calcium of the aqueous humour, by estimating the 
calcium of the serum and of the aqueous humour in the same animal (rabbit) 
under normal conditions and following a dose of calcium lactate (see Table I). 

Additional dosage with calcium lactate does not in any way accelerate the 
development of cataract which is readily caused by the administration of 
naphthalene to rabbits. 
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Table II. 
Aqueous 
Serum- humour 
calcium calcium 
mg. per mg. per 
Date Time Exp. 100 ce. 100 ce. 
25. x. 27 1.30 p.m. Bled from ear vein . 14-03 _— 
2.30 Aqueous humour withdrawn from 
both eyes ... ae as ed — 11-7 
2.40 Bled . ia ise ie ies 14-04 — 
1. xi. 27 12.30 Bled . 14-04 — 
12.40 Ca lactate per « os (= 10 g- calcium) — — 
3.10 Bled . eee 21-17 — 
3.20 Aqueous humour withdrawn -- 13-2 
3.45 Bled . ‘om pes re" see 20-48 -— 


These observations are in accordance with those of Eiseman and Arno 
[1927] who were unable to produce cataract in dogs in conditions which would 
favour the deposition of calcium, e.g. by the injection of calcium lactate and 
the administration of sodium dihydrogen phosphate per os or vice versa. 

(3) The calcium content of normal and cataractous human lenses. The only 
analyses recorded previously seem to be those of Burge [1909] who found an 
increase in the calcium content and a marked decrease in the potassium 
content of human cataractous lenses, in comparison with normal lenses. His 
figures for these substances were as follows: 


Av. dry wt. Av.wt.of % wt. 


of onelens ash of one of ash to K% Ca % 
mg. lensmg. dry wt. in ash in ash 
Normal adult human lens 58-99 1-40 2-30 38-80 ? 
(= 0-92 % 
dry wt.)* 
Embryo human lens 15-47 0-25 1-60 30-80 ? 
Cataract human lens (United States) 34-42 0-58 1-68 9-80 12-50 
(= 0-21% 
dry wt.)* 
Cataract human lens (India) 92-30 1-52 1-64 5-81 6-00 
(= 0:09 % 
dry wt.)* 


* Addenda, D.R.A. 


It appears that Burge found the amount of calcium in a normal lens too 
small to estimate. The recent introduction of micro-methods [Kramer and 
Tisdall, 1921, 2] has made it possible to repeat these analyses on a smaller 
scale. As a preliminary attempt the following average values were obtained 
from several estimations on a number of human lenses which had been ground 
together to a fine powder and dried to constant weight in vacuo. 

Normal lenses 0-0516 g. Ca per 100 g. dry weight. 

Cataractous lenses 0-1265¢. ,, € 3 (cf. Table IV). 

These figures serve to illustrate the gross difference in the calcium content 
of normal and cataractous lenses, but give no indication of individual variation. 
A number of micro-estimations were therefore carried out on single lenses, 
both normal and cataractous, which yielded satisfactory results at least for 
purposes of comparison. Care was taken to make the experimental error as 
small as possible. Each lens was weighed as soon as possible after removal 
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from the eye: e.g. a normal lens within 15 minutes; a cataractous lens usually 
within 24 hours. It was dried to constant weight in vacuo and incinerated in 
a platinum crucible. After extraction and precipitation of Ca as oxalate at 
the neutral point of methyl red in a small centrifuge tube, the precipitate was 
washed with 2% ammonia, redissolved and estimated in situ, by titration 
against 0-01 N KMn0O, (microburette graduated in 0-01 cc.). 

For the purposes of calculation the wet weight of the lens, especially of a 
cataractous lens, was regarded as a variable quantity, since it was impossible to 
standardise the time which elapsed between extraction and weighing. Neither 
was the ash content considered a suitable basis for estimation of the calcium, 
since, according to Burge, the other mineral constituents are known to vary. 
This was confirmed in the case of potassium, as follows. In 8 normal lenses, 
of ages ranging from 22 to 79, the potassium content of individual lenses varied 
from 0-4968 to 0-7859 % dry weight, with an average of 0-6025°%. On 
the other hand, the amount of potassium in a single cataractous lens was 
too small to estimate even by the sensitive method of Kramer and Tisdall 
[1921, 1] (in which 1 cc. 0-01 N KMn0, is equivalent to 0-071 mg. potassium 
as potassium cobaltinitrite). The average value for potassium in a number of 
cataractous lenses was approximately 0-02 % dry weight. 


Table III. Analysis of normal human lenses. 





Wet wt. Dry wt. Ca, % cs, % 

No. Age Cause of death g. g. wet wt. dry wt. 
1 23 _ 0-1578 0-0510 0-0125 0-0387 
2 23 —- 0-1534 0-0484 0-0123 0-0389 
3 25 Pulm. tuberculosis 0-0904 0-0292 0-0155 0-0478 
+ 41 Cardiac failure 0-0914 0-0350 0-0153 0-0399 
41 9 0-0934 0-0356 0-0161 0-0421 
6 42 Mitral stenosis 0-1002 0-0412 0-0135 0-0327 
7 42 = 0-1136 0-0408 0-0144 0-0400 
8 45 Carcinoma of pharynx 0-1298 0-0490 0-0154 0-0408 
9 45 - 0-1372 0-0498 0-0168 0-0582 
10 46 Broncho-pneumonia 0-1046 0-0404 0-0291 0-0753 
11 46 5 0-1202 0-0440 0-0316 0-0864 
12 51 Carcinoma of larynx 0-1328 0-0494 0-0241 0-0648 
13 51 > 0-1430 0-0528 0-0238 0-0644 
14 57 ‘5 0-1330 0-0512 0-0230 0-0598 
15 58 Hyperpyaesia 0-1240 0-0459 0-0195 0-0527 
16 58 a 0-1246 0-0480 0-0178 0-0463 
17 59 Carcinoma of tongue 0-1562 0-0568 0-0169 0-0465 
18 59 Zs 0-1562 0-0563 0-0166 0-0461 
19 60 Carcinoma of pharynx 0-1648 0-0568 0-0138 0-0401 
20 60 Intestinal obstruction 0-1416 0-0518 0-0204 0-0557 
21 60 A 0-2176 0-0736 0-0142 0-0419 
22 62 Carcinoma of colon 0-1534 0-0542 0-0183 0-0516 
23 66 Carcinoma of jaw 0-1494 0-0574 0-0201 0-0523 
24 66 a5 0-1465 0-0529 0-0242 0-0671 
Av. 0-1348 0-0530 0-0185 0-0512 


The calcium content was therefore estimated on the basis of the constant 
dry weight of the lens. As will be seen in Table III, this method of calculation 
gave very satisfactory agreement in the analysis of pairs of normal lenses, 
and since the range and average of the constant dry weights of normal and 
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of cataractous lenses were substantially the same (see Table IV) it was also 
the most suitable basis for purposes of comparison. 


Table IV. A comparison of normal and cataractous lenses. 


Range in Range in Ratio Average Average 
wet wt. dry wt. Average Average Av. wet wt. Ca % Ca % 
g. g. wet wt. dry wt. Av.drywt. wet wt. dry wt. 
A 0-0904- 0-0292- 0-1348 0-0530 2-54/1 0-0185 0-0512 
0-2176 0-0736 
B 0-0680- 0-0209- 0-0987 0-0445 2-21/1 0-0653 0-1367 
0-1284 0-0898 
A, 24 normal lenses, ages 23-66. B, 31 cataractous lenses, ages 50-77. 


Figs. 1 and 2 illustrate the range in the calcium content of individual 
lenses with their corresponding dry weights. 





123 4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 22 23 24 


Numbers of individual lenses 


Fig. 1. The individual variation in the calcium content of normal lenses. 
(a) Calcium, % dry weight. (6) Corresponding dry weight. 


The results of the estimations may be summarised as follows. 

1. No age-variation was found in the calcium content either of normal or 
of cataractous lenses. 

2. The statement of Burge is confirmed, that the average calcium content 
of cataractous lenses is much greater than that of normal lenses, while the 
potassium content is much less. 

3. A much wider variation is apparent in the calcium content (% dry 
weight) of cataractous lenses, than in normal lenses. In the former it cannot be 
attributed to a corresponding fall in the dry weight (see Fig. 2). 

4. The fact that the calcium content of 14 of the cataract lenses examined 
was below 0-1°% with an average of 0-0748% dry weight, while the 
remaining 17 lenses gave an average content of 0-1990 %, suggests that the 
deposition of calcium in senile cataract is an erratic process, and occurs more 
extensively in some lenses than in others. 

(4) Histological evidence of calcium deposition in senile cataract. In the course 
of examining a series of frozen sections from a number of senile cataractous 
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lenses, it was noticed that one lens in every 10 or 15 showed comparatively 
large circular deposits of crystals. They were visible to the naked eye as small 
white points in the section, and microscopically were seen to be isolated groups 
of radiating crystals, which were strongly doubly-refractive. They occurred in 
the inner layers of the cortex and there were usually 5 or 6 deposits in one 
section, each being surrounded by a very narrow homogeneous layer. 

They have already been described by Wessely [1922], and Kranz [1927] has 
also referred to them as “spheroliths” in his account of the other types of 
doubly-refractive deposits which are to be found in senile cataract. 
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Numbers of individual! lenses 


Fig. 2. The individual variation in the calcium content of senile cataractous lenses. 
(a) Calcium, % dry weight. (5) Corresponding dry weight (g.). 


From a series of microchemical tests Wessely concluded that the crystals 
are calcium phosphate, and that they represent a local deposition of calcium 
in areas where a preceding “colloid” or protein degeneration has already 
occurred, and Kranz held a similar view. If such is indeed the case, then these 
deposits may be regarded as the histological evidence of the erratic deposition 
of calcium which was presupposed from the analyses of individual cataractous 
lenses. Wessely noted that the lenses in which crystals were found were all 
from subjects over 70. The deposits are certainly large enough and sufficiently 
numerous to cause a markedly high calcium content in the particular lens 
which contains them, but the relative occurrence of such lenses is too small 
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to account for all the high results (e.g. those above 0-1 %) recorded in 
Fig. 2. A possible explanation of this discrepancy may be that crystallisation 
is only a late stage in the process of localised deposition of calcium, and that 
it is governed by local conditions, which are not always favourable. The early 
stages of the change, though invisible histologically, would also cause a rise 
in the calcium content of a lens. 

One is reminded of the similarity between these changes and those in 
atheroma where a combined deposition of calcium and cholesterol occurs 
locally in the intima, another avascular tissue. In senile cataract the cholesterol 
content of the lens is markedly increased. Goldschmidt [1922], in studying 
the age-variation of lipoids in normal lenses, found a range in cholesterol from 
0-52 to 1-71 % dry weight, while by the Myers and Wardell method [1918] 
I obtained an average for cataract lenses of 2-579 % dry weight from several 
estimations on a number of lenses ground together. Since the crystalline 
deposits described above are wholly insoluble in organic solvents, there does 
not appear to be any such immediate association between- calcium and 
cholesterol deposition in cataract as is found in atheroma. Indeed, minute 
spherocrystals which Kranz identified as cholesterol can be seen as independent 
structures, and occur very frequently in cataractous lenses. 

An attempt was made to verify the nature of the circular deposits. It was 
found easy to confirm the presence of calcium but the tests for phosphates 
were much less convincing. From the general behaviour and appearance of 
the crystals (see below) and from the commonly known characteristics of 
other calcium salts, however, it must be concluded that phosphate is the most 
likely salt to be deposited. 

The frozen sections used for microchemical tests were carefully prepared 
according to the method advocated by Herbert [1928] in order that substances 
such as soaps or fats, which might be in association with the calcium deposits, 
should not be affected. The lenses were fixed in neutralised calcium-free 10 % 
formalin and frozen in pure distilled water for cutting, and were then examined 
immediately. Sections to be stained were taken through neutral alcohol up 
to 70 % before mounting in glycerol. 

The crystals were practically colourless and did not melt on being heated 
on the warm stage up to 180°. They were insoluble in organic reagents and 
only slowly soluble without effervescence in dilute ordinary mineral acids and 
in acetic acid. With cold concentrated H,SO, they lost their double-refraction 
and formed an amorphous white mass, while on treatment with dilute H,SO, 
and a little alcohol, fine needles of calcium sulphate separated out. 

Tests for amino-acids, uric acid, urea, and for metallic radicles other than 
calcium were negative. 

Specific tests for phosphate with (1) a nitric acid solution of ammonium 
molybdate, (2) quinol reagent (Eggleton) and (3) FeCl, and acetic acid were 
only weakly positive. As the crystals dissolved in the acid in each case it was 
difficult to be sure that the colour was not due at least partly to phosphate 
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distributed throughout the section. Kossa’s test, which Wessely used, namely 
the development of a yellow-brown precipitate with silver nitrate which later 
turned black, was strongly positive, but neither this nor the tests of Roehl or 
Stoeltzner, which Wessely also employed, can be considered specific for 
phosphate. 

The crystals remained unstained by haematoxylin, van Gieson’s stain, 
Sudan III, Nile blue, alizarin and iodine, while they gave a patchy positive 
staining with “alumin-alizarin.”’ A direct Benda stain for fatty acids and soaps 
was negative for the whole section, but after keeping these sections for 2 or 
3 months the crystals acquired an olive green tinge in the manner described 
for bone and calcium-containing tissues. Thus, to a certain extent, the staining 
reactions also confirm the presence of calcium. 


SUMMARY. 


1. In patients with senile cataract the serum-calcium is appreciably higher 
than normal. 

2. There is no age-variation in the serum-calcium either of normal subjects 
or of those with senile cataract. 

3. Calcium salts acting on fresh ox lenses do not cause opacity except in 
unphysiological concentrations, nor do they act as “sensitisers” in the 
production of opacity by ultra-violet radiation. 

4. Dialysed solutions of the lens proteins, a- and f-crystallin, exhibit a 
certain sensitivity to solutions of calcium salts. 

5. The experimental production of a persistently raised blood-calcium in 
rabbits does not cause cataract, nor accelerate the development of naphthalene 
cataract, although it causes a corresponding rise of calcium in the aqueous 
humour. 

6. There is no age-variation in the calcium content of normal or of 
cataractous human lenses. 

7. The calcium content of cataractous lenses is much greater than that of 
normal lenses, while the potassium content is considerably less. 

8. Individual cataractous lenses show a wide variation in calcium content, 
which may be attributed to an erratic local deposition of calcium, for which 
there is also some histological evidence. 

9. Although there is an increase of calcium in the blood of patients with 
senile cataract, and an abnormal deposition of calcium in the lens, it cannot 
as yet be proved conclusively that the increase in calcium is a primary factor 
in the actual production of opacity in the lens. 


My thanks are due to Sir John Parsons, to Prof. Choyce and to Dr Barnard 
for a supply of clinical material, and to Miss Quick and C. Vann for technical 
assistance. 

The experiments were performed for the Committee of Vision of the 
Medical Research Council, to whom I am greatly indebted for a research grant. 
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In a recent paper Coward, Key and Morgan [1929] showed that rats which 
had ceased to grow on a diet containing all the recognised essentials for growth 
(dextrinised rice starch, “ vitamin-free casein” (Glaxo), agar-agar, salt mixture, 
dried yeast, and cod-liver oil) resumed growth when “light-white casein” 
(British Drug Houses) was substituted for the Glaxo “vitamin-free casein.” 
Similar resumption of growth was obtained when the casein had been extracted 
with cold alcohol and ether (4 times). This suggested that the extracted 
“light-white casein” contained some factor necessary for growth which was 
not contained in the “vitamin-free casein.” The fact that some rats grow 
vigorously when “vitamin-free casein” is the only source of protein in their 
diet (an experience of this and of many other laboratories) suggests that these 
rats had acquired reserves of some factor from previous feeding and had been 
able to draw upon such reserves when the factor was absent from the diet. 
It would rather discredit the suggestion that the “vitamin-free casein’”’ was 
either damaged or an inadequate protein. 

Whatever the explanation, it seemed desirable to make a direct comparison 
of the two forms of casein as the source of protein in order to see how much 
different rats varied in their growth on these two caseins and how much the 
difference in the casein might affect an assay of vitamin A or vitamin B. 


I. Viramin A TESTS. 


The presence of 2-3 °% of fat (and possibly, therefore, a certain amount of 
vitamin A) in “light-white casein” (B.D.H.) necessitated its extraction before 
using it for a vitamin A test. For these experiments, therefore, the “light- 
white casein” was extracted once with cold alcohol and four times with cold 
ether, each time standing for about 24 hours with occasional shaking. The 
extracted casein is named casein B in these experiments; the Glaxo “vitamin- 
free casein” is named casein G. 

Five different litters containing 4, 2, 6, 4 and 4 rats respectively were 
prepared in the ordinary way for a vitamin A test, except that half of the rats 
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of each litter were given casein B and half were given casein G. Vitamin D 
was supplied by giving each rat irradiated ergosterol, about 0-00005 mg. per 
day, in olive oil. Growth ceased in all the rats within a reasonable time and 
doses of the same cod-liver oil were administered to each one as it became 
steady in weight. 

The results are seen in Fig. 1. The growth-curves of rats from any one 
litter are immediately above or below each other. The following observations 
may be made and conclusions drawn. 

(a) The rats receiving casein B have become steady in weight in a reason- 
able time and have responded to doses of cod-liver oil. Casein B was therefore 
practically free from vitamin A. 


Casein B used throughout the experiment 
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Fig. 1. Rats of five litters, half of each given extracted “light-white casein” and the other half 
given “vitamin-free casein” in a vitamin A-free diet. There is evidence, in the behaviour of 
the rats given the latter casein, of a deficiency other than of vitamin A. 


(6) During the preparatory period the rats of the first two litters (7.e. rats 
H 256, 255, 248) receiving casein G have grown very similarly to their 
litter mates (H 257, 258, 249) receiving casein B. Therefore, these two litters 
probably had sufficient reserves of the new factor (if such it be) or, alternatively, 
casein G must have been as adequate a protein as casein B. 

(c) The rats of the last three litters receiving casein G (i.e. rats H 346, 
347, 348; G 210, 211; H 341, 342) have not grown as well as their litter mates 
receiving casein B (H 349, 350, 351; G 212, 214; H 343, 344). Therefore 
these three litters had lower reserves of the new factor (if such it be) or 
alternatively, casein G must be a less adequate protein than casein B. The 











} 








EN 
.D 


per 
nd 
me 


ne 
ns 


n- 


lf 
of 


8 





—_— 


INFLUENCE OF “CASEINS” ON VITAMIN TESTS 915 


difference in behaviour of different litters given casein G supports the view 
that they had different reserves of an unknown factor rather than the view 
that casein G is biologically inadequate for growth. 

(d) The response to doses of cod-liver oil given by rats receiving casein B 
is in all litters much greater than that given by rats receiving casein G. The 
primary response of rats H 256, 255, 248 to 0-02 g. cod-liver oil appears to 
be the making up of a deficiency of vitamin A, but the later decline in weight 
appears to be the manifestation of another deficiency. 

(e) The response given by rats H 346, 347, 348; G 210, 211; H 341, 342 
to doses of 0-01 g. cod-liver oil is variable and, in general, slight. On com- 
parison with the results obtained by the same dose on the rats receiving 
casein B, it would appear that the response of the former rats was limited by 
a deficiency of some factor other than vitamin A, a deficiency which had 
manifested itself in the preparatory period of some of the rats before the 
giving of cod-liver oil was begun. 


Discussion. 


The differences in growth obtained by the use of the two kinds of casein 
here described may be attributed to (a) the presence of some definite factor, 
hitherto unrecognised, in one sample and its absence from the other, or (0) 
some biological property (greater digestibility?) of one sample, not shared by 
the other. 

The question can be definitely settled in favour of the first suggestion only 
by obtaining an extract of the “light-white casein” of a potency similar to 
that of the casein itself. We have not, so far, been able to make an extract of 
such potency [Coward, Key and Morgan, 1929]. But, in view of the fact that 
the growth on the purer (or poorer?) casein seems to vary according to litters, 
rather than according to individuals, it would appear that such variations 
were due to variations in reserves of some factor obtained from previous 
feeding rather than to a deficiency of the protein as such. 

Whatever the explanation proves to be, this experiment clearly demon- 
strates that any dose of cod-liver oil can bring about very different responses 
in the growth of rats according to the kind of casein which is their source of 
protein. In the experiment described in this paper, the sample of cod-liver oil 
would have been considered a rich source of vitamin A if the test had been 
carried out on the diet containing casein B. On the other hand, it would have 
been considered a poor source of vitamin A if it had been carried out on a diet 
containing casein G. Thus it is obvious that the definition in the United States 
Pharmacopeeia of a unit of vitamin A activity as the “minimum daily dose 
of cod-liver oil required to cause a gain in weight of from 10-20 g. within a 
period of 35 days under the conditions of growth and diet specified in this 
assay” is insufficient, since the only condition required of the casein is that 
it should be “rendered free from vitamin A.” 

When a test for a vitamin is dependent on the growth-promoting power 
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of that substance, every substance essential for growth, other than that 
under examination, should be supplied in sufficient amounts in the basal 
diet of the test animals. Even when a growth-promoting substance can be 
stored in the tissues of the animals (as vitamin D can be, and as this unknown 
factor appears to be) it is not safe to assume that the reserves are large enough 
to carry the animal through the test. 

We consider, however, that given a colony of reasonable uniformity (?.e. 
in regard to reserves of growth-promoting factors) any uniform sample of 
casein may still be used, provided that the test be strictly comparative. We 
find that a large dose of cod-liver oil gives better growth than a small one, even 
when using casein G, although the maximal growth may not be obtained. 
This is not an effect of amount of fat. All oils tested in this laboratory are so 
diluted with olive oil that one drop of solution contains the required dose of 
cod-liver oil. 

To make a result obtained in one laboratory comparable with one obtained 
in any other, it would be necessary to agree on a material containing vitamin A 
to be used by all workers as a standard of reference. The response given by 
the substance under test could then be compared with the response given by 
the standard preparation of vitamin A in the same laboratory. Adopting the 
amount of vitamin A activity in a given amount of the standard preparation 
as the unit, the result obtained could then be expressed in units, and results 
from different laboratories could be compared. This must apply whatever 
may be the source of protein, or indeed of any of the constituents of the diet. 


II. Viramin B TEstTs. 


The greater growth-promoting potency of “light-white casein” compared 
with “‘vitamin-free casein” has lately become evident in this laboratory in 
vitamin B tests also. The basal diet for such tests has, until recently, con- 
sisted of: 

“Vitamin-free casein” (Glaxo) ... 15% 

Dextrinised rice starch... is 79 

Agar-agar ... od a 
Salt mixture (Steenbock’s) 


He bo 


5-6 drops of a sample of good cod-liver oil are given to each rat twice 
a week. The rats are kept on screens to prevent coprophagy. Three or four 
are kept together in a cage during the preparatory period; they are kept 
singly during the test period. 

It was in a routine test of dried yeast that the influence of the two forms 
of casein in vitamin B tests was first observed. After 11 days’ preparatory 
period on the diet described, five rats were given the dried yeast as 0, 2, 5, 
8 and 10 % respectively of the diet. After 10 days none of the rats had grown. 
This was so unusual that it was suspected that the litter of rats was suffering 
from the same deficiency that had been noted in many vitamin A tests. 
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Accordingly, “light-white casein” unextracted, and shown to be free from 
both vitamins B, and B, by Coward, Key and Morgan [1929] was substituted 
for the “vitamin-free casein” in the diet of the three rats receiving 0, 5 and 
10 % dried yeast respectively. The result is seen in Fig. 2 (a). The control, not 
receiving dried yeast, continued to lose weight and died in 3 days. Those given 
5 and 10 % dried yeast, respectively, immediately began to grow rapidly, and 


“‘Vitamin-free casein”  “‘ Vitamin-free casein” Extracted “light-white 
in basal diet throughout casein” throughout 







(G-Light White Casein 
substituted 


Body weight of rats in grams 








<--50 days-- > 60 Dried Yeast 


% 
40F Dried Yeast 





(2) (6) (c) 


Fig. 2. Evidence of a deficiency in “vitamin-free casein” from a vitamin B test: (a) “vitamin- 
free casein” in vitamin B-free diet; no growth for 10 days after the addition of dried yeast. 
“Light-white casein” substituted in the diet of two rats resulted in much greater growth 


? 


than obtained with the original casein; (b) “vitamin-free casein” in vitamin B-free diet 
throughout. Rats of different unknown history of previous feeding. Very irregular response 
to graded doses of dried yeast; (c) “light-white casein” in vitamin B-free diet throughout. 
Allowing for an interruption of the growth of rat L 53 owing to a respiratory infection, 
much more regular response (graded to the dose of dried yeast) was obtained than in the 
use of “vitamin-free casein.” 


only slackened their rate of growth when the doe on 5 % dried yeast had 
reached 140 g., and the buck on 10 % dried yeast had reached 210 g. The rat 
receiving 2 % dried yeast and “vitamin-free casein” throughout the experi- 
ment, continued to lose weight for a further 7 days and then resumed very 
slow growth. The rat (a buck) receiving 8 % dried yeast and “vitamin-free 
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casein” throughout the experiment, began to grow, but at a much slower 
rate than the doe receiving 5 % dried yeast and “light-white casein.” More- 
over, it only attained a weight of 104 g. by the end of the experiment. 

In a second experiment, rats from a different source, but prepared on the 
same basal diet containing “vitamin-free casein,” were given similar doses of 
vitamin B, i.e. they were given 0, 2, 5, 8 and 10 % dried yeast respectively, 
and maintained on this casein throughout the experiment. The response was 
immediate, though not proportional to the dose. It must be concluded that 
these rats had definite, though different, reserves of the recently recognised 
factor, or, alternatively, that they had different powers of dealing with the 
protein (Fig. 2 (5)). 

A third experiment was begun at the same time. A group of rats (three 
from one litter and two from another) was given the vitamin B-free diet 
containing “light-white casein” from the beginning of the experiment. After 
12 days they were given 0, 1, 2, 4 and 8 % dried yeast respectively. Except 
that the rat receiving 4% dried yeast developed a temporary respiratory 
infection during part of the test period, the rats gave a much more regular 
response to the dose given than did the rats receiving “vitamin-free casein” 
(Fig. 2 (c)). 

A similar experiment has been performed with marmite, giving a similar 
result. Three rats were given the vitamin B-free diet containing “ vitamin-free 
casein,” and were steady in weight in 12 days. They were then given daily 
for 20 days 0-1, 0-2, 0-4 g. marmite respectively. None of them grew at all, 
either maintaining or very slightly losing weight. The two receiving 0-1 and 
0-4 g. marmite, respectively, were then given “light-white casein” in place of 
the “vitamin-free casein.” The former, a buck, grew very slowly, 9g. in 
45 days, the latter, a doe, grew 74 g. in 45 days. The third, a buck, continued 
to receive 0-2 g. marmite and “vitamin-free casein,” and grew 16 g. in 45 days. 

An experiment in which all the rats received the diet containing “light-white 
casein” throughout, gave regular results, those on 0-1 g. marmite maintaining 
weight, those on 0-2 and 0-4 g. respectively giving growth graded to the dose. 

A test of a particular extract of yeast, started about this time, began to 
give very irregular results, the responses given to 0-4 g. varying from — 1 to 
+17 g. in 15 days. The response given to 0-6 g. varied from — 5 to + 25g. 
in 15 days. The substitution of “light-white casein” for the “vitamin-free 
casein” of the basal diet made a great difference. The rats which had not 
grown at all began to do so, mostly at once, and the final growth curves were 
remarkably similar (Fig. 3). 

Discussion. 

Greater uniformity of results has been obtained in vitamin B testing by 

the use of “light-white casein” than by the use of “vitamin-free casein.” 


A serious failure to respond to high doses of dried yeast included in the 
vitamin B-free diet made it appear that the particular rats used for the test 
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were suffering from some deficiency hitherto unsuspected in the vitamin B-free 
diet. Further tests with the same dried yeast on (a) rats from a different 
source, and therefore with a different history of pre-experimental feeding, and 
(b) rats given “light-white casein” throughout the whole test, proved that 
the dried yeast had its usual vitamin B potency. The different results obtained 
in the three tests suggest that either the “light-white casein” supplied some 
factor not supplied by the “vitamin-free casein,” and the different litters 
of rats had different reserves of the unknown factor, or the different litters 
of rats had different powers of utilising the “vitamin-free casein.” 
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Fig. 3. The influence of the sample of casein in a vitamin B test on the regularity of 
response to doses of a dried yeast extract. 


Whatever may prove to be the explanation of the results, it is evidently 
desirable to use “light-white casein” for the basal diet of rats in vitamin B 
testing. As this form of casein contains no vitamin B, or B,, it is not necessary 
to extract it before use. 


SuMMARY. 
1. The growth response of rats, given cod-liver oil after they have ceased 
to grow in a preparatory period, may vary greatly according to the sample 
of casein used in the basal diet. 


920 K. H. COWARD, K. M. KEY, B. G. MORGAN AND M. CAMBDEN 


2. The difference due to the different caseins in vitamin A testing is so 
great, that an estimate based simply on the growth response of a number of 
animals in relatively undefined conditions (as in the United States Pharma- 
copeia cod-liver oil test) must give widely different results in the hands of 
different workers. Vitamin A tests (of food substances at least), to be of 
value, must be comparative, and it is suggested that all workers should use 
a common standard of reference. 

3. Evidence is given which supports the view that “light-white casein” 
(B.D.H.), even after extraction with alcohol and ether, contains some growth- 
promoting factor which is not necessarily present in cther samples of casein. 

4. For vitamin B testing “light-white casein” (B.D.H.) as the source of 
protein gives more uniform results than “vitamin-free casein” (Glaxo). As it 
contains neither vitamin B, nor B,, it does not need to be extracted before 
use in vitamin B testing. 


REFERENCE 
Coward, Key and Morgan (1929). Biochem. J. 23, 695. 
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Ir was shown by Eggleton and Eggleton [1928] in connection with a study of 
the “labile phosphorus” (phosphagen) of muscle that certain conditions 
leading to a disappearance of labile phosphate, with or without the appearance 
of free orthophosphate, gave rise also to the appearance of “free creatine,” 
z.e. creatine determined by Walpole’s method [1911] which does not estimate 
creatinine or the creatine combined in the phosphagen complex. No quanti- 
tative comparison was made between the free and labile phosphate on the 
one hand and free and combined creatine on the other. The results of such 
a comparative study are presented in this communication. 

One object of this work was to determine whether the “combined” 
creatine (creatine estimated by the Folin method but not by the Walpole 


method) accounted for or exceeded in amount the creatine associated with 
the labile phosphorus. Each atom of labile phosphorus is thought to be 
combined with one molecule of creatine. It was clearly desirable to ascertain 
what other forms of combined ereatine, if any, existed in the muscle. Another 
object was to determine the amount of free creatine in a resting oxygenated 
muscle. 


METHODS. 


The Folin-Jaffé reaction for the estimation of creatine involves the con- 
version of the creatine to creatinine by boiling in acid, a process which 
hydrolyses creatinephosphoric acid. ‘The method is therefore only of use to 
determine the total creatine of the muscle. Fresh muscle fortunately contains 
practically no creatinine. The reaction utilised by Walpole for the direct 
estimation of creatine in urine consists in the condensation of creatine with 
diacetyl in sodium carbonate solution to give a coloured product. Creatine- 
phosphoric acid (the “labile phosphorus” of muscle) was shown by Eggieton 
and Eggleton not to give this reaction. This statement requires some modi- 
fication, as will be shown in this paper. 

The technique used by Walpole consisted in mixing 2 cc. urine, 2 cc. 
saturated sodium carbonate solution and three drops of a 1 % solution of 
diacetyl. The mixture gives on boiling a pink colour proportional in intensity 
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to the amount of creatine present. Unfortunately it gives also a yellow colour, 
independently of the presence of creatine, which results in a variation of tint 
as well as of intensity with variation of the creatine content. An attempt was 
made to remove this disadvantage by introducing a phenyl group into the 
diketone molecule?. The resultant compound, methylphenyldiketone, which 
gave a violet condensation product with creatine, had no less tendency to the 
formation of this yellow pigment. Diphenyldiketone did not react at all. 
No further attempts at improvement along these lines were made, and 
diacetyl was used in the studies recorded here. 

A more serious weakness of Walpole’s technique, as applied to muscle 
analysis, is that the boiling of the alkaline solution results in a slight breakdown 
of creatinephosphoric acid, and the consequent development of a slight pink 
colour even in the absence of pre-existing free creatine. 1t was found impossible 
to overcome this by using less alkaline solutions such as bicarbonate and 
phosphate buffers, but when the colour development was allowed to take place 
at 28° instead of 100° very little liberation of creatine from phosphagen 
occurred during the 60 minutes necessary for the reaction. On account of the 
yellow colour of the blank it was necessary to match the unknown with a 
standard (prepared from pure creatine) differing by less than 10 % in its colour 
intensity. As finally used the method was as follows. 

The trichloroacetic acid filtrate of the muscle was neutralised as rapidly 
as possible with N NaOH. A suitable quantity of the neutral extract (2-5 cc.) 
was added to an equal volume of saturated carbonate solution and two drops 
of a 1 % diacetyl solution (freshly prepared from dimethylglyoxime) were 
added. The mixture was incubated with a set of standards similarly prepared 
from pure creatine solutions for 1 hour at 28°. The creatine standards ranged 
from 0-2 to 1-5 mg. Finally comparison was made between the unknown and 
the most suitable standard. In another portion of the neutralised muscle 
filtrate the orthophosphate and phosphagen were determined by the Eggleton 
method [Eggleton and Eggleton, 1927]. Recovery of added creatine from 
muscle extracts by this technique was good (Table I). 


Table I. Recovery of creatine added to neutralised trichloroacetic acid extract 
of muscle. No phosphagen present (modified Walpole method). 


Creatine 
mg. 
- lcc. muscle extract 
l ce. » +0-2 mg. creatine 
1 ce. = +0-4mg. ,, 
1 ce. a +0-6mg. _,, 
1 ce. * +10mg. ,, 
2. 2 cc. muscle extract 
1 ee. - +0-1 mg. creatine 
1 The synthesis of methylphenyldiketone was accomplished by condensing benzene with 
propionyl chloride to give propiophenone. This was converted into the nitrosoketone by means 
of amyl nitrite in hydrochloric acid. The oxime was finally converted into the diketone by dis- 
tillation with dilute sulphuric acid. 
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The results obtained by the above modification of Walpole’s method are 
not of a very high order of accuracy, particularly when large amounts of 
phosphagen are present, owing to slight breakdown of the latter; but they 
are confirmed by a more accurate technique, based on quite different principles, 
which has been used by Eggleton and Eggleton in studying the phosphorus 
compounds of muscle. In this method the trichloroacetic acid extract of the 
muscle is treated with two volumes of alcohol and immediately neutralised 
with powdered baryta. The solution is not only neutralised but saturated with 
baryta, which is soluble in 66 % alcohol to the extent of about N/70. In this 
condition practically all the phosphorus in the extract is precipitated whilst 
the creatine, other than that combined with phosphorus, remains in solution. 
The precipitate of barium salts, if extracted with water made faintly alkaline 
with baryta, yields up its content of water-soluble barium creatinephosphate, 
retaining the insoluble inorganic phosphate. The free creatine (in the alcohol) 
and the phosphagen-creatine (in the aqueous extract) may be estimated 
separately by the Folin method, whilst orthophosphate and phosphagen may 
be estimated separately by the Briggs colorimetric technique without the 
necessity for following colour production curves. As used in the experiments 
reported in this paper the exact technique was as follows. 

1. The muscle was ground in ice-cold 4 % trichloroacetic acid (20 cc. per 
g. tissue) and centrifuged. 

2. An aliquot part of the extract was treated with 2 volumes of alcohol 
and shaken with powdered baryta until alkaline, avoiding large excess. 

3. The alcohol containing the flocgculent phosphate precipitate was 
decanted from the small excess of baryta and centrifuged. Both baryta and 
precipitate were washed with 66 % alcohol which was added to the alcoholic 
fluid containing the creatine. 

4. The alcoholic solution was treated with sulphuric acid to remove 
barium and “total creatinine” estimated in the filtrate by the Folin technique. 

5. The phosphate precipitate was extracted three times in succession with 
4, 2 and 2cc. of a faintly alkaline 0-1 N barium acetate solution and the 
collected extracts, after removal of the barium as above, were used for the 
estimation of total creatine and phosphagen-phosphate. 

6. The residue of insoluble phosphates was dissolved in 0-1 N HCl and 
freed from barium, and a suitable quantity was used for the estimation of 
free orthophosphate. 


RESULTS. 


The analyses made by the first method are given in Table II. They are 
divided into two groups, and the experiments in each group are arranged in 
ascending order of orthophosphate content; i.e. with the more resting muscles 
first. In the first group the free creatine bears to the free phosphate a ratio 
of unity, but in the second there is an excess of free creatine. In all cases, 
however, there is an equivalence between the combined creatine and the 
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labile phosphorus such as would be expected if all the combined creatine were 


present as phosphagen. 
The analyses made by the second method are contained in Table III. 


They are arranged similarly, and display the same relationships. 


Table II. The free phosphate, free creatine, phosphagen-phosphate, and combined 
creatine in the leg muscles of the frog (modified Walpole method). 


Free Free Phosphagen- Combined 

phosphate creatine Ratio phosphate creatine Ratio 
5-40 6-00 0-90 16-9 13-8 1-22 
5-65 5-65 1-00 14-0 15-3 0-91 
6-60 6-80 0-97 19-4 18-8 1-03 
7-95 7-75 1-03 22-4 20-3 1-10 
9-00 10-00 0-90 11-0 13-2 8-30 
9-10 10-00 0-91 22-7 19-7 1-15 
10-70 12-10 0-89 20-0 18-9 1-06 
13-10 10-80 1-21 13-5 14-7 0-92 


Mean 0-975 Mean 0-97 


9 3-20 4-90 0-65 23-0 23-00 1-00 
10 4-35 6-45 0-67 11-0 0-95 1-16 
11 4-55 6-00 0-76 17-1 14-20 1-20 
12 7-20 19-30 0-37 15-4 11-30 1-36 
13 10-20 16-10 0-63 15-7 11-80 1-33 
it 11-00 18-00 0-61 _— — — 


Mean 0-62 Mean 1-2 


SNAaHO CPW 





The results are expressed as mg. atoms P and mg. mols creatine per kg. muscle. 


Table III. The free phosphate, free creatine, phosphagen-phosphate, and com- 
bined creatine in the leg muscles of the frog. 


Free Free Phosphagen- Combined 
phosphate creatine Ratio phosphate creatine 
3-0 3°5 0-86 9-9 9-0 
8-1 9-2 0-88 11-0 10-6 
11-0 11-5 0-96 8 
11-4 11-2 1-02 
11-8 11-9 0-99 
12-3 13-9 0-89 
12-9 13-0 0-99 
12-9 14-1 0-92 
13-5 14-5 0-93 
14-1 14-9 0-94 
14-2 17-0 0-84 
19-4 20-4 0-95 
20-0 19-7 1-02 0-8 


Mean U-94 Mean 


8-1 0-46 17-20 
11-5 0-50 4-65 
14-8 0-46 2-85 
14-1 0-56 7-50 
16-0 0-55 7:90 
24-0 0-52 8-50 
27-0 0-52 2-70 
29-0 — 
24-0 “6 12-80 
29-5 “BE 5-80 
29-0 “6 5-90 


Mean 0-53 Mean 
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The results are given in mg. atoms P and mg. mols creatine per kg. muscle. 
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SUMMARY. 


1. In many cases of resting muscles, the ratio of free creatine to free 
orthophosphate is practically unity, but exceptions to this rule are not 
infrequent, the ratio reaching sometimes a value of two. 

2. The combined creatine and the labile phosphate occur in the ratio 
of unity. 

3. The total creatine and the total “directly estimatable phosphate” 
(orthophosphate and labile phosphate) are present consequently in many cases 
in approximately equimolecular amounts. 

4. In resting, well oxygenated muscles, the free creatine may be found to 
be no more than 50 mg./100 g. fresh muscle. 
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THE formation of citric acid in plants and its probable participation in certain 
phytochemical alkaloid syntheses [cf. Robinson, 1917], together with the facts 
relating to its production and degradation by various species of Aspergillus 
and Penicillium, render of interest the study of its behaviour when submitted 
to the action of biological agents. Several investigations of the actions of 
various micro-organisms on citric acid and on citrates have been undertaken 
already; thus Bosworth and Prucha [1911] detected butyric and succinic acids 
together with hydrogen, carbon dioxide, and ethyl alcohol amongst the 
products of bacterial action on this acid. They also stated, without giving 
details, that two equivalents of acetic acid are produced from one equivalent 
of citric acid by B. lactis aerogenes. Terada [1924] fermented citric acid by a 
pure culture of an unclassified micro-organism isolated from an aerial infection, 
and obtained much succinic acid together with an appreciable quantity of 
acetic acid and a little aconitic acid. In the course of a quantitative investi- 
gation of the action of B. coli communis on various organic acids in the presence 
of formates, Grey [1924] found that cultures on citric acid gave rise to two 
equivalents of acetic acid together with some succinic acid and carbon dioxide. 
Brown, Duncan and Henry [1924] fermented trisodium citrate by B. suipestifer 
in the presence of peptone and concluded that the sole volatile acid formed 
was acetic acid (two equivalents) whilst the other products were carbon 
dioxide and a trace.of succinic acid. 

During a recent examination of the action of Aspergillus niger on citric 
acid, Challenger, Subramaniam and Walker [1927] were able to demonstrate 
the formation of a number of substances, including acetone and malonic acid, 
which, hitherto, had not been identified amongst the products of mycological 
degradations of citric acid. It appeared of interest, therefore, to endeavour 
to ascertain whether the formation of these substances from citric acid by the 
action of A. niger is to be regarded as specific to this organism. 

For the purposes of this enquiry B. pyocyaneus was selected, since it may 
be grown very readily in media in which certain salts of citric acid constitute 
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the sole source of carbon [cf. Quastel, Stephenson and Whetham, 1925]. This 
organism was cultivated at 34° in solutions containing 2°% of ammonium 
citrate together with the requisite inorganic salts, and all the conditions were 
carefully standardised. By this means it proved possible to follow, stage by 
stage, the course of the fermentation, and to characterise intermediate 
substances hitherto unnoted. Proliferation was rapid, and after a period of 
about 27 hours from the time of inoculation small quantities of acetone- 
dicarboxylic acid could be detected in the culture solutions by precipitation 
in the cold with Denigés’ [1899] mercuric sulphate reagent. Brown, Duncan 
and Henry [1924] postulated the formation of acetonedicarboxylic acid as an 
essential intermediate but failed to detect its presence, most probably owing 
to the facts that they conducted their fermentations at a somewhat, higher 
temperature (37°) and postponed examination of samples of the fermenting 
solutions until 48 hours from the time of inoculation. After fermentation for 
44 hours the rate of formation of acetonedicarboxylic acid increased rapidly, 
as evidenced by the accumulation of acetone. The acid has merely a transitory 
existence under these conditions, its formation being followed immediately 
by decarboxylation, since it did not accumulate in the culture media. The 
total “acetone bodies” (7.e. acetonedicarboxylic acid plus acetone) reached 
maximum concentration under the conditions of the experiments usually at 
56 hours from the time of inoculation, when they were found to correspond 
approximately to a 66% conversion of the citric acid. Thereafter, they 
decreased rapidly in quantity and had disappeared entirely at 80 hours. 

In another series of experiments, conducted under precisely the same 
conditions, production of acids during the fermentation was investigated. In 
the first instance, samples of the fermenting media were withdrawn at intervals 
of 4 hours and tested, by means of a solution of diazotised aniline, for the 
presence of malonic acid, which, it was anticipated, might arise from oxidation 
or hydrolytic fission of acetonedicarboxylic acid. This expectation was realised, 
since slight traces of a precipitate of hydrogen formazyl [von Pechmann, 1892] 
separated when samples were tested after 32 hours. The quantities of this 
derivative yielded by samples of equal volume increased to a maximum at 
96 hours, after which progressive decrease was observed, and at 133 hours 
malonic acid was entirely absent. 

In view of the production of succinic acid from citric acid, noted in the 
cases mentioned above, search was made for it in the cultures during the course 
of the present work, and its appearance was indicated by positive pyrrole 
tests after incubation had proceeded for 50 hours. Subsequently, the acid was 
isolated and characterised as its p-nitrobenzyl ester. The amount present in 
the cultures was then roughly estimated at intervals during the course of 
several separate fermentations. It was present in very small amount only, but 
the quantity slowly increased and reached its maximum at 167 hours, when 
it represented a yield of approximately 5 % on the weight of the citric acid 
present initially in the media. 


Biochem. 1929 xxi 59 
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During the course of these experiments the presence of a volatile acid or 
acids was noted at an early stage in each fermentation. The quantity of 
volatile acid present in the cultures at any one time was always small, though 
the amount varied during the progress of the fermentation, increasing rapidly 
after 44 hours from the time of inoculation. Samples of volatile acid isolated 
during the period 44 to 100 hours were accumulated in the course of several 
experiments and consisted principally of acetic acid. It was characterised as 
the p-nitrobenzyl ester. Subsequently, determinations of volatile acid per- 
formed at regular intervals of time afforded data for the construction of an 
acidity-time curve (see Fig. 1), the general shape of which has formed a 
convenient means of correlating the formation of volatile acid and the 
appearance, accumulation, and disappearance of the other degradation 


products. 
Volatile acidity-time curve 


per 100 ce. culture solution 
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Fig. 1. 
Discussion of the volatile acidity-time curve. 

It will be understood that the deductions to be made from consideration 
of the curve must be based necessarily upon the relative concentrations in 
which the various intermediates were found to be present together in the 
fermenting medium at different periods of time; for it must be assumed that 
every intermediate. product is subject to enzymic attack from the moment of 
its formation, and that at no particular moment is any one stage of the whole 
fermentation process represented in its entirety in the culture solution. 

Phase A to B shows volatile acid formation increasing at a slow uniform 
rate. B to D corresponds to a period during which “acetone bodies” were 
slowly increasing in the culture solution. At D rapid increase in the rate of 
formation of volatile acid is depicted, and this was accompanied by rapid 
production of “acetone bodies” until G was reached, at which point the 
culture solution contained the maximum quantity of the latter. Thereafter, 
“acetone bodies” diminished in quantity until at H none could be detected. 





ACTION OF B. PYOCYANEUS ON CITRIC ACID 929 


From G to H the quantity of volatile acid still increased, although the slope 
of the curve diminished. 

Malonic acid, first detected at C, appeared in greatest concentration during 
the phase G to H. The disappearance of malonic acid took place gradually 
from H to K, and, subsequently, at an enhanced rate from K to L, at which 
latter point only traces remained. 

The rapid disappearance of the “acetone bodies” from the cultures, which 
became evident after a period of approximately 60 hours, was not caused by 
reduction to zsopropyl alcohol. The experimental data just recorded point to 
an entirely different explanation, namely, the probability that the acetone was 
oxidised, presumably by way of pyruvic acid, to form the greater part of the 
acetic acid which arose during the phase D to H. According to Pasteureau 
[1905] oxidation of acetone by a 2 % solution of hydrogen peroxide affords 
pyruvic acid amongst other products, whilst Fournier [1908] has recorded 
that pyruvic acid is produced when acetone is oxidised by alkaline potassium 
permanganate. Some of the acetic acid detected during the course of the 
present work must have had its origin, however, in the hydrolytic fission of 
acetonedicarboxylic acid, since in some cases the yields of malonic acid found 
in the cultures were as high as 51 % of those theoretically possible. It was 
also considered possible that some acetic acid might be produced by enzymic 
decarboxylation of malonic acid, and in order to test this view the organism 
was cultivated in a medium containing ammonium malonate as sole source 
of carbon, when it was found that an appreciable yield of acetic acid was 
obtained. In this latter experiment the medium also gave the dark green and 
pink colour tests typical of glycollic acid [Denigés, 1909] and a positive 
naphtharesorcine! test for glyoxylic acid [Neuberg, 1910] when treated with 
the appropriate reagents, although conditions could not be found for the 
isolation of these two acids in quantities which permitted of their further 
characterisation. It may be mentioned, however, that both glycollic acid and 
glyoxylic acid have been isolated recently from cultures of A. niger on calcium 
acetate [Challenger, Subramaniam and Walker, 1927], whilst of further interest 
in the same connection are the facts that Grey [1924] fermented malonic acid 
by B. coli in the presence of sodium formate and obtained a 34 % yield of 
acetic acid, and that Hopkins and Cole [1901] demonstrated the production 
of glyoxylic acid from acetic acid under the influence of hydrogen peroxide 
and an iron salt. B. pyocyaneus was then cultivated on a 0-5 °% sodium 
acetate medium, when the solution gave positive colour tests for both glycollic 
and glyoxylic acids on the fourth day. In view of these data the cultures of 
the organism on ammonium citrate were examined for glycollic and glyoxylic 
acids, and the former was detected on the fourth day and persisted for 10 days 
in the media. Glyoxylic acid was also detected, its appearance being noted 
first when the cultures were 54 hours old. Neither acid could be isolated in 
more than traces. 

The section H to M of the acidity-time curve proves of particular interest. 
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At H there was present a relatively large quantity of malonic acid. If, 
subsequently, this acid had undergone no change other than decarboxylation 
to acetic acid the production of volatile acid would at least have been 
maintained. On the contrary there occurred at H a sudden fall in volatile 
acid. This may be accounted for in part by the assumption that some of the 
acetic acid formed from the malonic acid underwent oxidation to glycollic 
and glyoxylic acids, a view which is supported by the fact that during this 
period the fermenting medium was found to give an intense naphtharesorcinol 
reaction for glyoxylic acid. It is necessary, however, to consider the falls in 
the concentrations of malonic acid and acetic acid in conjunction with the 
fact that early in the same period, namely, H to K, succinic acid (which 
appeared first at EZ) was found to increase rapidly in concentration, and the 
suggestion is put forward that the latter acid has its genesis in the decarboxyla- 
tion of the malonic acid in the presence of a hydrogen acceptor. If, as suggested 
earlier, the acetone is oxidised to acetic acid by way of pyruvic acid, a portion 
of the latter substance could then act as the necessary acceptor, being itself 
reduced to lactic acid, and it is significant that Aubel [1922, 1923] and 
Aubel and Cambier [1922] detected the presence of lactic acid in cultures of 
B. pyocyaneus both on pyruvic acid media and citric acid media. The precise 
stages by which the decarboxylation of malonic acid is effected by the organism 
are not known, but it is at least evident that in the final stage of the process 
a hydrogen atom and the group CO, H—CH,°------- , the latter having free 
affinity, must have a momentarily separate existence. In the absence of 
disturbing factors coalescence then takes place with formation of acetic acid, 
but, in the presence of a powerful hydrogen acceptor, it would appear more 
probable that the hydrogen atom eliminated from the carboxyl group is 
accepted at this stage rather than at a later stage from the activation of 
acetic acid. This view of the formation of succinic acid is being tested ex- 
perimentally in mixed fermentations of (a) pyruvic and malonic acids, and 
(6) pyruvic and acetic acids. In connection with this question it should be noted 
that Quastel and Whetham [1925] found the values of the reducing coefficients 
of formic, acetic, and malonic acids, as hydrogen donators, to be 700, 0-95 
and 0-4 respectively. The figure assigned to formic acid provides the explana- 
tion of the reason why Grey obtained no succinic acid by the fermentation of 
malonic acid in the presence of sodium formate. It is interesting to note also 
that the explanation of the formation of succinic acid suggested above receives 
further support from recent work by Quastel and Wooldridge [1927] and 
Quastel and Whetham [1928], in which it was shown that malonic acid is 
specifically effective in retarding the velocity of reduction of methylene blue 
by succinic acid, although malonic acid is classed by the authors as neither 
an acceptor nor donator of hydrogen. They find on the other hand that acetic 
acid cannot effect retardation of the velocity of reduction of methylene blue; 
whence it would appear that the formation of succinic acid should be effected 
more readily from malonic acid than from acetic acid. 
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The sudden increase in volatile acidity which occurred after 128 hours 
was unexpected and its explanation is not altogether clear. It has been shown 
by Aubel [1921] and by Quastel [1924] that ammonium succinate is fermented 
readily by B. pyocyaneus to yield mixtures of propionic, acetic and formic 
acids, and it is possible that in the present instance some of the increase in 
volatile acidity after 128 hours was due to breakdown of succinic acid in this 
manner. This view receives support from the observation that the acidity 
produced during the phase ZM was not due entirely to acetic acid, since a 
sample of volatile acid collected at M, neutralised with sodium carbonate 
and treated with p-nitrobenzyl bromide, gave what was evidently a mixture 
of two or more esters. Before this question can be settled definitely, however, 
it will be necessary to correlate the change in volatile acidity along HKLM 
and the variation in succinic acid content during the same phase. 


EXPERIMENTAL. 


The strain of B. pyocyaneus with which the experiments were performed 
was Fildes III, Number 1999, and was kindly supplied by the Curator of the 
National Collection of Type Cultures, Lister Institute. Stock cultures were 
re-inoculated at 14-day intervals on broth-agar slopes. In all cases, where 
possible, the substance under investigation was used as a 2 % solution of its 
ammonium salt in Ringer’s inorganic salt solution. The solutions were all 
sterilised and were adjusted, when necessary, to py 7-0-7-4. A boiling-tube 
containing 25 cc. of the culture solution was sterilised on three consecutive 
days and then inoculated from a platinum loop of culture taken from an agar 
slope which had been incubated for 24 hours at 34°. The boiling-tube culture 
was subsequently incubated for 30 hours at 34°, after which 1 cc. of the 
fermenting liquid was withdrawn by means of a sterile pipette and transferred 
to a fresh boiling-tube charged with 25 cc. of the same medium. This also was 
incubated for 30 hours at 34°, after which it was used as the inoculum for a 
flask of the same medium in which the experimental fermentation was con- 
ducted. By the adoption of this procedure it was found possible to ensure 
that each flask received a dose of organisms of approximately standard amount 
and virility. The flasks in which the experimental fermentations were carried 
out were all of 500 cc. capacity, and each was charged with 250 cc. of the 
liquid substrate under examination. They were shaken twice daily during the 
progress of the fermentations. 


Fermentation of ammonium citrate. Detection of acetonedicarboxylic acid 
and of acetone. 


30 flasks charged with 2% ammonium citrate-Ringer solution were in- 
oculated and incubated. At intervals of 4 hours the contents of one of these 
flasks were mixed with a large excess of Denigés’ [1899] mercuric sulphate 
reagent in the cold. The presence of acetonedicarboxylic acid was indicated 
by the formation of a white precipitate, the separation of which is accelerated 
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by vigorous agitation. When it was ground finely, suspended in water, and 
treated with hydrogen sulphide, acetonedicarboxylic acid was liberated and 
was detected by the reddish-purple coloration obtained on addition of a drop 
of ferric chloride solution. 

Acetone also gives a white precipitate with Denigés’ reagent, but this is 
not obtained with dilute solutions of the ketone unless the mixture be heated 
on the boiling water-bath for a period of 15 to 40 min., as was the case 
in the present investigation. The procedure adopted for the detection of 
acetone was as follows. To the contents (250 cc.) of the flask to be examined 
were added 5 cc. of dilute hydrochloric acid and the whole was heated for 
15 min. under reflux. This served to moderate the frothing which occurred 
in the subsequent distillation. The flask was adapted to a condenser and 
100 ce. were distilled into a bolt-head flask containing 700 cc. of Denigés’ 
reagent. The total contents of the receiver were then heated under reflux on 
the steam-bath for 40 min. when, if acetone was present, a white precipitate 
was deposited. When acetone was thus detected the precipitate was removed, 
washed with cold water and dried on porcelain. A quantity (17 g.) of the 
precipitate thus obtained was cautiously distilled with 30 g. of sodium iodide 
in 120 cc. of water, and 20cc. of distillate were collected and added to 
an excess of a solution of 2: 4-dinitrophenylhydrazine hydrochloride. The 
orange-yellow precipitate which formed immediately was removed, and after 
three recrystallisations from boiling absolute alcohol there was obtained 1 g. 
of pure material of M.p. 128°, alone or in admixture with an authentic specimen 
of acetone-2 : 4-dinitrophenylhydrazone (m.P. 128°). 

A further 17 g. of the mercury compound was distilled similarly and the 
distillate was mixed with 20 cc. of ethyl alcohol (free from acetone), 1 cc. of 
freshly distilled benzaldehyde and 1 ce. of 10 % aqueous sodium hydroxide. 
The whole mixture was shaken and then allowed to remain in the cold for 
12 hours when yellow leaflets separated. These were washed with a little cold 
alcohol and recrystallised from absolute alcohol (yield 1-2 g.). The pure 
material had m.p. 113° alone or mixed with authentic dibenzylideneacetone 
(m.P. 113°). 

The yields of acetone plus traces of acetonedicarboxylic acid obtained 
after different intervals of time are shown in the following table: 

Time of incubation (hrs.) 27 32 40 44 48 55 60 64 72 
Percentage conversion of the citric 0-04 0-115 0-20 145 165 67:0 662 0:39 0-115 


a) 


acid to “acetone bodies 


Fermentation of ammonium citrate. Detection of malonic acid. 


The medium consisted of citric acid (20 g., as ammonium salt) dissolved 
in 1000 cc. of water together with the requisite Ringer salts. Flasks containing 
this medium were inoculated with standard inoculum and, during the sub- 
sequent incubation, the contents of a flask (5 g. citric acid) were removed at 
regular intervals and treated in the following manner. To the liquid were 
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added 5 cc. of 10 % hydrochloric acid and the mixture was then warmed 
under reflux on a water-bath for 30 min. This served to facilitate the subsequent 
filtration. The filtrate was cooled to 0°, treated with un appropriate quantity 
of benzenediazonium chloride and excess of sodium acetate and allowed to 
stand during 10 hours in an ice-chest. When malonic acid was present the 
precipitation of hydrogen formazyl commenced usually within an hour from 
the time of mixing the reagents, and it was found advantageous to remove 
this product at intervals, since tar formation sometimes occurred towards the 
completion of the reaction. The filtered product was washed well with cold 
water, dried in a vacuum over sulphuric acid, and crystallised twice from 
methyl alcohol by addition of a little water and once from benzene by addition 
of light petroleum. It melted at 118° and the melting-point was not lowered 
when it was mixed with authentic hydrogen formazyl (m.P. 118-120°). 


Found (micro-analysis): C, 69-1%; H, 5-4 %. 
Calculated for C,,H,.N,: C, 69-6 %; H, 54%. 
The quantities of hydrogen formazyl produced in one experiment after 


different intervals from the time of inoculation are shown in the following 
table. 


Time of incubation (hrs.) 48 60 72 88 96 120 133 

Weight (g.) of hydrogen formazyl Traces 0-4 1-0 2-0 3-0 15 ‘Traces 
from 5 g. of citric acid 

Percentage conversion of citric ~- 6-8 17-2 34:4 516 25-8 _ 


acid to malonic acid 


Fermentation of ammonium citrate. Isolation and estimation of acetic acid. 


Flasks charged with a 2% solution of ammonium citrate in Ringer’s 
medium were inoculated and incubated. At regular intervals 100 cc. of culture 
solution were withdrawn for examination. The sample was placed in a 2-litre 
bolt-head flask, 25 cc. of a 20 % solution of phosphoric acid were added, and 
the mixture was distilled in steam for 30 min. In every case the volume of 
distillate was 300cc. (+ 5cc.). The distillate was titrated against 0-05 N 
sodium hydroxide in the presence of phenolphthalein. A further 100 cc. of 
culture solution from the same flask was treated similarly and served as a 
check on the first estimation. Culture liquid of the same age from another 
flask was treated in exactly the same manner, so that, in all, at least four 
values were taken to establish any one point on the time-acidity curve. The 
maximum variation in the titre for 100 cc. of culture solution at any particular 
age was 0-5 ec. of 0-05 N sodium hydroxide. The above procedure did not serve 
to remove every trace of volatile acid from the culture sample, but the amounts 
obtained from the several samples were comparable, and indicate with fair 
accuracy the general course of volatile acid production as depicted by the 
curve. It was observed that during the first 125 hours of the fermentation 
the volatile acidity was due mainly to one particular acid. In one series of 
experiments the neutralised distillates from the samples collected during this 
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125 hour period were combined and evaporated to dryness (0-55 g.). This 
residue was dissolved in 5cc. of water, mixed with a solution of 1g. of 
p-nitrobenzyl bromide in 10 cc. of alcohol, and the whole boiled under reflux 
for 90 min. The mixture deposited white crystals on cooling; these were 
separated, washed with a little dilute alcohol, then with water, and re 
crystallised three times from dilute alcohol. The product (0-2 g.) then had 
M.P. 77-5° and when it was mixed with an authentic specimen of p-nitrobenzyl 
acetate (M.P. 78°) it did not depress the M.P. of the latter. 


Fermentation of ammonium citrate. Isolation of succinic acid. 


The pyrrole test [Neuberg, 1901] was employed to detect succinic acid, 
and when it was judged that the latter was present in the culture liquid in 
a quantity sufficient to permit of isolation the medium was acidified with 
phosphoric acid and distilled in steam. The residue containing non-volatile 
acids was partially evaporated and treated with ether in a continuous 
extraction apparatus. The ether was removed from the extract and the latter 
taken up in 50 cc. of distilled water, the solution heated to 70° and a 2 % 
solution of potassium permanganate added, drop by drop, until the 
solution remained permanently just faintly pink. This treatment served to 
destroy non-volatile acids other than succinic acid, e.g. glycollic acid. The 
solution was then boiled with a little animal charcoal, filtered, and again 
extracted thoroughly with ether. The ethereal extract was dried over sodium 
sulphate, allowed to evaporate, and the crystals which first separated were 
removed. These possessed all the properties of pure succinic acid and were 
characterised by the mixed melting-point method and by conversion to the 
di-p-nitrobenzyl ester. The latter had m.p. 89° alone or mixed with authentic 
material. The yields of crude succinic acid isolated, in each case from 1000 cc. 
of 2% ammonium citrate medium, after 72, 90, 120 and 167 hours were 


0-03, 0-1, 0-4 and 0-55 g. respectively. 


Fermentation of ammonium malonate. Isolation of acetic acid. 


Malonic acid (19-5 g.) was dissolved in distilled water (500 cc.) and 
neutralised with ammonia. A further quantity (0-5 g.) of malonic acid was 
then added, followed by the requisite amounts of Ringer’s mineral salts, and 
the whole was made up to 1000 cc. with distilled water. The medium was 
distributed in four flasks, sterilised for 15 min. at 100° on three successive 
days, and the py adjusted to 7-4 by addition of sodium hydroxide. A blank 
experiment showed that this treatment did not result in decarboxylation to 
acetic acid. The flasks were inoculated and incubated in the usual manner. 
After 96 hours the contents of the flasks were combined, acidified with 
phosphoric acid and subjected to steam-distillation. The distillate was 
neutralised with sodium hydroxide and evaporated, yielding 4g. of dry 
residue. 1 g. of this material was treated with p-nitrobenzyl bromide by the 
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method previously described and yielded 1-5 g. of crude product. On re- 
crystallisation of this from dilute alcohol pure p-nitrobenzyl acetate was 
obtained, and melted at 77-5° alone or mixed with an authentic specimen 
of M.P. 78°. 
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THE effect of fluorides on enzyme action has been a special object of study 
since the observation of Kastle and Loevenhart [1900], that the action of 
lipases is inhibited even by dilutions of 1 in 5000 fluoride. Pierce [1913] 
extended these results in a quantitative investigation of the equilibria involved. 
He was able to show that in the case of the hydrolysis of ethyl butyrate by 
lipase the action of fluoride could be explained as a monomolecular com- 
bination of the enzyme with a portion of the sodium fluoride added. It was 
assumed by Pierce that the complex formed was inactive and that the rate 
of reaction was proportional to the concentration of free enzyme. Loevenhart 
and Pierce [1906] had previously shown that the action of fluoride was 
completely reversible by removal of the NaF by dialysis. 

It may be remarked that similar considerations have been shown by Euler 
and Svanberg to apply to the inactivation of saccharase by mercuric chloride 
[1920], and by aniline [1921]. 

The effect of oxalate and fluoride on glycolysis in blood has been studied 
by several authors [Macleod, 1913; Evans, 1922], and it has been found that 
fluoride is the more efficient inhibitor. The: experiments described in the 
present paper show that in tissue glycolysis also the effect of oxalate is less 
than that of fluoride. 

Investigations of the action of fluoride on tissue glycolysis have been 
mainly concerned with the transformation of carbohydrate in muscle, and 
this point has been investigated in particular by Embden etal. [1924] whoshowed 
that the breakdown.of hexosephosphate in minced muscle or muscle extract is 
inhibited by fluoride. In this connection Kay [1928] has shown that the rate 
of synthesis of esters of phosphoric acid in the presence of extracts of kidney 
or intestine is also retarded by sodium fluoride, although the final equilibrium 
is probably not affected. Recently Lipmann [1928, 1929], working with yeast 
and with minced muscle, has extended these observations. He has studied 
the action of fluoride on the hydrolysis of some esters of phosphoric acid and 
also in two examples of inorganic catalysis. In a discussion of these experi- 
ments from the point of view suggested by the theories of Meyerhof and 
Warburg, Lipmann comes to the conclusion that the inactivation by fluoride 
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is probably due to the formation of a complex compound of iron with the 
fluoride. Support for this view is adduced from a comparison of the above 
results with the dissociation-curve of fluoromethaemoglobin. 

Apart from the work on muscle, apparently only two papers have appeared 
on the effect of fluoride on the formation of lactic acid by tissues in vitro. 
Tissue glycolysis is of importance not only as an energy-liberating reaction 
[Warburg, 1923] but also in view of the great interest connected with the 
relationship between anaerobic glycolysis, aerobic glycolysis, and respiration. 
Loebel [1925] has shown that in the cases of the skin and brain of the rat and 
of the spinal cord of the frog, the addition of 0-01 % of sodium fluoride has 
an appreciable effect in inhibiting the anaerobic production of lactic acid 
from glucose. The effect is much greater than that on respiration. Ewig [1929] 
has also recently made some experiments on this point. Neither of these 
papers deals with the type or nature of the relationship between lactic acid 
production and the amount of fluoride, the determinations being made for one 
or two concentrations of fluoride only. 

In the present paper some experiments are described upon the effect of 
various salts and particularly of fluoride on the glycolysis of tissues. 

The extreme position of fluoride in the Hofmeister series suggested that 
a comparison of its effect with that of other ions in this series would be of 
interest. Of the salts examined, however, only fluoride and oxalate have any 
appreciable action in inhibiting the glycolysis in low concentrations, but the 
influence of these two ions is very marked and the results are reproducible as 
nearly quantitatively as could be expected. It is also shown that the action 
in this case, as in that of fluoride upon lipase, is reversible. 

The results of the following experiments are expressed in the form of the 
percentage inhibition of glycolysis, 7.e. 

glycolysis (control) — glycolysis (inhibited) x 100. 
glycolysis (control) 

It is shown that in the case of rat testis, rat brain, and Jensen rat sarcoma, 
the action of fluoride under anaerobic conditions may be represented by an 
equation derived from the law of mass action. This equation is of the type: 

ae 
k+ (Fy 
where [F’] is the concentration of fluoride in the Ringer solution, kis a constant 
having a fixed value for each tissue. From the experimental data it is found 
that the value of the exponent n is close to unity in the case of rat brain and 
Jensen rat sarcoma and is nearly equal to two in the case of rat testis. 





inhibition = 


EXPERIMENTAL. 


In the following experiments, the technical details described by Warburg 
[1926] have been followed exactly. The Ringer solutions used were prepared 
from stock isotonic solutions of the various salts [Okamoto, 1925] and unless 
stated to the contrary had the following composition. 
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Preparation of solution (parts by volume) Composition of solution (m.-mols) 








NaCl KCl CaCl, NaHCO, NaCl KCl CaCl, NaHCO, 
Ca-Ringer 100 2 2 20 125 2-5 1-7 25 
Ca-free Ringer 102 2 0 20 127 2°5 0 25 


L 


Glucose was added in the form of a 10 % solution to make the final 
concentration 0-2%. When the effect of any added substance was to be 
investigated, part of the NaCl was substituted by an equal volume of an 
isotonic solution of that substance. This method has the advantage that the 
other components, and especially the concentration of bicarbonate, remain 
unaltered. All such added solutions were neutralised before use and their 
osmotic pressure was controlled by determination of the freezing-point in all 
cases: this was — 0-56°. After saturating with the gas-mixtures used (5 % CO, 
in either N, or O, was supplied from a cylinder of the mixed gases, the per- 
centage of CO, being checked by analysis), the p,,; values of the solutions were 
determined by the use of the glass electrode1. The values of py found for these 
solutions did not differ by more than 0-10. 

Method of expressing the results. The results are expressed in conformity 
with Warburg’s nomenclature as mm.* CO, at N.1.P. liberated from the 
bicarbonate by the lactic acid formed (glycolysis), or as mm.* oxygen con- 
sumed from the gas-mixture (respiration) per mg. tissue per hour. The results 
were calculated on the basis of the weights of the tissues after drying at 110°. 
The values obtained are denoted by Or (anaerobic glycolysis measured in 
nitrogen) or Qo, (respiration). The former multiplied by the factor 0-004 gives 
the lactic acid formed, in mg. per hour per mg. tissue. In the case of Ringer 
solutions containing the salts of weak acids, the whole of the carbon dioxide 
equivalent to the lactic acid formed is not liberated, and in these cases the 
“retention” [Warburg, 1926, p. 199] was determined, and where necessary 
a correction was applied for the CO, bound in this way. If this correction is 
not included in the results it may be taken that it was negligible. 


ANAEROBIC GLYCOLYSIS. 


A. The use of calcium-free Ringer solution. The first point which had to be 
decided was whether reliable and consistent readings could be obtained in 
the calcium-free medium. The use of such a solution is necessary in order to 
avoid the complication introduced by the combination of part of the calcium 
with certain of the salts used. This subject has recently been investigated by 
Lasnitzki and Rosenthal [1929], but these authors used solutions which 
contained neither calcium nor potassium. Under these conditions they found 
that the values obtained for Qe were somewhat lower than in ordinary Ringer 
solution; their readings, however, were consistent. As this is the important 
point for the present purpose, it will be sufficient to quote a typical example 
from a series of readings obtained with 10 manometers using tissue from one 
and the same rat, and to compare it with other measurements taken with 


1 We wish to express our thanks to Mr N. F. Maclagan for these measurements. 











\w 


we 





TISSUE GLYCOLYSIS 939 


material from a number of different animals. 
some other results in solutions with and without calcium. 


Table I. 


Temperature 38°. 


In the same table are included 


Tissue Solution Qn Mean value 
Rat testis Ca-free Ringer 8-0, 8-6, 8-6, 8-3, 6-9, 8-8, 7-77 
(Same animal) 7-2, 7-1, 7-2, 7-0 
Rat testis Ca-free Ringer 9-4, 6-8, 9-4, Pt 2, 6-8, 6-6, 8-23 
(Different animals) 11-5, 12-0, 9-2 2, 10-0, 
6-4, 8-2, = 7° i 6-7, 6-9 
Ca-Ringer 9-4, ‘6-7 7, 8-1, 5-9, 10-4, 9-6, 9-01 
9-7, 11-0, 10-3 
Rat brain grey-matter Ca-free Ringer 9-5, 6-2, 6-2, 7-1, 7-2, 5-8, 7:75 
(Different animals) 7-3, 9-3, 8-1, 7-6, 5-9, 8-1, 
7-8, 5-9, 6-7, 8-6, 12-4, 8-6, 
9-0 
Ca-Ringer 8-5, 8-9, 6-8, 9-6 8-45 
Jensen rat sarcoma Ca-free Ringer 21-7, 22-6, 21-5, 17-2, 18-6, 21-30 
(Different animals) 19-0, 20-8, 20-7, 20-1, 30-8 
Ca-Ringer 27-7, 21-1, 19-7, 28-9, 38-0, 27-30 
27-7, 28-9, 28-2, 29-9, 22-9 
Retina of rat Ca-free Ringer 54-0, 42- 0, 41-5 45-80 
Ca-Ringer 68-0, 63-5, 61-0 64-20 


It will be observed that the glycolysis is usually a little lower in the 
calcium-free Ringer solution than in that containing calcium—particularly in 
the case of tissues with high anaerobic glycolysis. As would be expected, more 
consistent duplicate values are given by tissues from the same animal. In 
the following experiments we have therefore used tissue from one animal for 
each whenever possible, with normal controls made at the same time in each 
case. 

In order to obtain further evidence on the effect of calcium and potassium 
on anaerobic glycolysis, the whole of the sodium chloride was replaced by an 
equal volume of solutions of chlorides of calcium and potassium in making 
up the Ringer solution. The results of measurements of anaerobic glycolysis 
of rat testis are shown in the following table: 

Composition of Ringer 


solution (m.-mols) 


_ 





i r Ne 

Exp. Ca K Or 
1 0 2:5 + 9-4 
2 1:7 0 + 91 
3 85 2:5 +11-6 
4 1-7 125 + 7:6 


In the above case the concentration of sodium ions is lowered to the same 
extent in Exps. 3 and 4 since the whole of the sodium chloride is replaced in 
both experiments, and the sodium ions present are derived solely from the 
bicarbonate. Even such very large concentrations of Ca and K have little 
effect; there is, however, again a slight increase in Exp. 3, containing an 
increased amount of calcium. 
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B. Effect of anions. From the above experiments it is safe to conclude 
that in comparison with the other effects studied in this paper, that of re- 
placing calcium or potassium by sodium is slight, and in all the following 
experiments, unless the contrary is stated, the medium used was calcium-free 
Ringer solution. 

Embden and Lenhartz [1924] have investigated the effect of various anions 
on minced muscle, and they find that, judged by the effects produced, the 
ions may be arranged in a Hofmeister series. Those ions which produce the 
greatest swelling of the tissue (CNS~ and I”) cause the greatest splitting off of 
phosphoric acid from hexosephosphate, NOZ and Br~ have less effect, whilst 
SOF and tartrate cause scarcely any more hydrolysis than occurs in water. 
On the other hand, the action of citrate and fluoride is so powerful in diminishing 
free phosphoric acid that almost the whole of the organic phosphoric acid 
may be caused to disappear in the presence of these salts. Except for the 
action of fluoride, our experiments with tissue glycolysis are not parallel with 
these observations on muscle; in particular, citrate had no effect in our 
experiments. Table II gives the results of adding a series of sodium salts to 
the Ringer solution in place of the whole or part of the sodium chloride. 


Table IT. 





Rat testis Jensen rat sarcoma 
— AN —— - edits iapmapaiie 
Ne Ne N2 Ne 
Conen. Qu Vr Conen. Qu Qu 
in Ringer mean of with in Ringer mean of with 
Anion (m.-mols) controls anion (m.-mols) controls anion 
Thiocyanate 125 8-2 12-0 12 19-0 16-0 
Todide A ‘ . 50) sane (33-0 
‘ ; ‘ 125} —— (26-5 
Nitrate 125 8-2 11-4 . . 
Bromide ; ; i 125 27-7 32-6 
Oxalate* 10) : (7-0 10) on.7 (17-5 
50) o i2-8 50} as | 4-4 
Tartrate* 50 8-2 8-4 
>6 (6-7 6-9 
83 (6-2 7-0 
Citratet 20) » (6-7 
50} 68 16-4 5 : 
Fluoride 10 7-6 2-8 10) 21-9 {2-7 
18-6 11-5 1-9 20) " (1:3 
50 6-8 0-6 50 18-6 {1-0 
(0-75 
Phosphatet ‘ 22 20-8 26-4 
Pyrophosphatet 5) = (13-5 
20 105 | 97 
Cyanide* 10} 6-5 {5°8 
50) Ss \2-9 
* Retention determined and found to be negligible. + Retention allowed for. 


The main fact apparent from Table II is that, of the salts examined, 
fluoride has the greatest inhibitory effect, whilst oxalate and cyanide, though 
they affect glycolysis, do so to a considerably less extent. 

The action of these three salts is in contrast to that of the others quoted in 
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Table II which shows that little change results even from high concentrations 
of bromide, tartrate and citrate. In these results little importance can be 
attached to slight variations, but it seems probable that in the case of high 
concentrations of thiocyanate and possibly of nitrate glycolysis may be 
slightly increased. 

Warburg [1926] states that bicarbonate can be substituted by other salts, 
e.g. phosphate. Since the effect of increased concentration of bicarbonate is 
to increase glycolysis, a slight increase in the value of Q** results from the 
addition of phosphate. The case of pyrophosphate is of interest in connection 
with the heavy metal theories of respiration and glycolysis: these will be 
referred to later. It will be seen that in concentrations up to 20 m.-mols its 
effect is slight. In the case of this salt it was necessary to neutralise the 
alkaline sodium pyrophosphate with hydrochloric acid before use, whereas 
the orthophosphates were made up from mixed mono- and di-sodium phosphate 
solutions. In both cases the py was accurately adjusted. 

C. Fluoride and oxalate. The method used in these experiments consisted 
in setting up several (usually twelve) Barcroft manometers, of which two were 
thermobarometric control vessels without tissue. Each of the remaining ten 
vessels contained a section of tissue and a suitable volume of Ringer solution. 
Some of the vessels had Ringer solution containing varying amounts of sodium 
oxalate or sodium fluoride, and the remaining vessels were used for the controls 
in Ca-free Ringer solution. The concentrations of the salts were checked by 
analysis. 

Several such series of experiments for each tissue were made, and in spite 
of the variations due to the use of different animals, when the results were 
compared, the percentage inhibition resulting from a given concentration of 
fluoride was constant for each tissue examined within the limits of experi- 
mental error. This can be seen from an examination of the curves and tables 
given below. 

The effect of fluoride on anaerobic glycolysis. The tissues used for these 
experiments include Jensen rat sarcoma, rat brain and rat testis. The results 
are expressed in Tables III, IV and V and also in the curves given in Figs. 1, 
2 and 3. The measurements are probably most accurate in the case of the 
sarcoma since the rate of glycolysis is higher in the case of this tissue, and 
consequently the pressure changes observed are greater. The curves and the 
last column in each of the tables represent the values calculated from the 
equations. The derivation of these will be described later. Details of a typical 
experiment are given in Protocol 1. 

Retina. The case of the retina is of special interest, not only because it 
possesses the highest anaerobic glycolysis of any tissue yet studied, but also 
because it forms the most marked exception to the theories seeking to 
differentiate normal from malignant tissues on the basis of their carbohydrate 
metabolism [Warburg, 1926]. It was therefore of interest to investigate the 
action of fluoride in this case, particularly as the effect on retina of substances 
known to inhibit glycolysis in other tissues had not previously been studied. 





Vessel 


Pressure 
10 min. 


Pressure 
30 min. 


Qe 


M 








Jensen rat sarcoma. 


NaF (m.-mols) 


V gas (cc.) 
Vessel constant ko, 


Inhibition (% of 
controls) 





Protocol 1. 


V, = 3 cc. Ca-free Ringer in all vessels. Temp..38°. N. 
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2 with 5 % CO,. 


1 2 4 5E 6 7 8 10 
0 1 2-5 4 0 7 10 
change per +33 +18 + 8 65 +21 + 05 + 1 
(mm.) +32 +225 + 7:5 7 + 20-5 + 15 2 
+22 +32 +21 + 75 6 +18-5 + 15 2 
change per +665 +97 +615 +23 195 +60 + 35 5 
(h) 
8-61 8-44 8-37 10-24 9-47 14-15 13-42 14-02 
0-918 0-902 0-896 1-060 0-993 1-402 1-366 1-392 
Wt. of dried tissue (mg.) 5-65 7°72 9-20 5-63 10-70 7:74 7-20 4-82 
215 226 120 8-6 36 21-7 13 2-9 
° ° 46 61 84 ‘ 94 87 
Table ITI. 
Jensen rat sarcoma. Temp. 38°. 
No 7 
Ox Ns Inhibition 100 x TS 
NaF mean of Ox observed 1+[F] 
(m.-mols) controls with NaF % cale. 
0-1 20-1 18-3 9 9 
1-0 21-9 12-0 46) 50 
20-1 12-0 40) - 
2-5 21-9 8-6 61 \ 
20-1 7-5 63 | 71-5 
19-0 4-2 73) 
4-0 21-9 3-6 84 80 
4-7 30-8 4-7 85 2-5 
7-0 21-9 13 94 e785 
21-1* 3-5* 83* a 
9-3 30-8 2-7 91 90 
10-0 21-9 2-9 87 91 
15-0 21-9 1-7 92 94 
18-6 30-8 23 93 95 
20-0 21-9 1-4 95) ‘mn 
19-0 2-4 87) = 
50-0 17-2 1-0 94 | : 
17-2 1-1 94) 98 
me 1-0 95 
186 fog 96 
* Calcium-containing Ringer. 
Table IV. 
Rat brain cortex. Temp. 38°. 
Ne 7 
Or C Nez Inhibition 100 x — PIs - 
NaF mean of - observed 1-6+([F] 
(m.-mols) controls with NaF % cale. 
0-1 6-8 6-2 9 6 
0-7 7:8 4-2 46 30 
1-7 7:8 3°7 53 52 
2-7 7-8 2-9 63) ~ 
9-3 2-0 795 & 
4-7 78 1-2 85) ae 
8-1 1-9 77) sie 
6-7 78 1-4 82 81 
10-0 78 0-7 91) - 
9-5 1-4 85) 56 
13-3 7:8 1-4 82 89 
33:3 7-2 0-6 92 95 


+ +44 
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2. Rat brain cortex. 


Table V. 
Rat testis. Temp. 38°. 
No 
ar No Inhibition 100 x [F 
NaF mean of Vr observed 
(m.-mols) controls with NaF % calc. 
0-01 6-6 6-6 0 ca. 0 
0-1 6-6 6-4 3 ca. 0 
0-7 8-8 9-2 -5 2 
1-0 6-6 7:0 -—6 3 
1-7 7-2 75 -4 8 
2:7 71 59 17 18 
4-7 7-2 3-4 53 | 
11-5 4-8 58 j - 
5-0 9-1 5-0 45 43 
6°7 7-0 31 56 58 
9-3 11-5 3°3 71 72 
10-0 7:8 2-8 64 75 
9-4 1-9 80 
6-4 1-8 72 
9-1 3-0 67 2 
13-3 7:8 0-7 91 84 
18-6 11-5 1-9 84 91 
100 
80 
se * 
= 60 
a 
= 6 
t= 40}P 
‘S 
— 
20 
SW 20. 25 30 35 40 45 #50 
m.-mols 
, ‘ ; F 
Sodium fluoride—m.-mols. Curve: 100 =1 : [ ry 
Fig. 1. Jensen rat sarcoma. 
100 - 
aS 
. ° 
°9Q 
3 
a & { 
& 
ae) 
r 
—_ 
20+ 
” 20 i 30 
m.-mols 
Sodium fluoride—m.-mols. Curve: 2 
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Inhibition % 


10 15 20 25 30 


m.-mols 
_(FF 
33+[F]}" 


Sodium fluoride—m.-mols. Curve: 


4 
100 


Fig, 3. Rat testis. 


Owing to the large number of animals which would be required to construct 
a curve similar to that obtained for sarcoma and the other tissues investigated, 
in this case the effect was studied for two concentrations of fluoride only, 
namely, 1 and 10 m.-mols. The preparation of the retina was made in a 
darkened room using Ringer solution warmed to 38°. 

Comparison of glycolysis of rat-retina in Ca-Ringer and Ca-free Ringer with 
and without fluoride. As has been stated in discussing the effect of absence 
of calcium, there is, in the case of retina, a considerable lowering of glycolysis 
in the calcium-free Ringer solution. A further difficulty is introduced by the 
fact that during the experiments a slight fall in the value of Q¥* occurs as 
the time of the observation is increased. To control this point we have used 
two methods of experiment. 

(a) Five vessels A, B, C, D and another as thermo-barometer were 
used. Vessels A and B each contained 3 cc. Ca-Ringer, and C and D the 
same volume of Ca-free Ringer solution. The retinas from two rats were 
placed in each vessel and when temperature equilibrium was reached 
(15 min.) pressure readings were made at intervals of 5 min. for a period of 
15 min. At the end of this time, 2 cc. of the solution were removed and were 
replaced in the case of vessels A and C by 2 cc. of calcium-free Ringer solution 
containing a concentration of 15 m.-mols NaF: the final concentration in 
vessels C and D is therefore 10 m.-mols NaF. By this technique, the Ca 
content is lowered to such an extent that precipitation of calcium fluoride 
does not occur. The results are summarised in Table VI. 

(6) The two experiments (with and without fluoride) were made concur- 
rently. The inhibition by 1 m.-mol was found to be 64 %. 
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Table VI. 


Retina of rat. Temp. 38°. 
B D 


hh c 
With Ca Without Ca 


Without NaF : 4 , < 

QX? (1st 15 min.) 5 +635 ‘ +54 

With NaF (m.-mols) 10 10 

Qs (2nd 15 min.) 5 + 10-4 é + 6-2 

Fall in'Q¥* % 

Inhibition % (corrected ‘ 82 ‘ 87 
for above fall) 

It will be seen that the inhibition in both cases is of the same order as in 
the case of Jensen rat sarcoma. 

Kidney. In contrast to the tissues of high glycolytic power such as retina 
and Jensen rat sarcoma, the effect of fluoride was next studied on a tissue with 
very low anaerobic glycolysis, namely rat kidney ( 4 = + 3). In this case 
the accuracy of the results was limited by the small pressure changes obtained. 
A further difficulty arose from the progressive decline of the readings which 
in the case of this tissue was much greater than in any of the others studied 
and was so large that it could not be allowed for with accuracy by control 
experiments. The reason for this is not at present clear. The experiments 
showed, however, that a concentration of approximately 10 m.-mols NaF is 
required to inhibit the glycolysis by 50%. Whilst fluoride thus has a definite 
inhibitory power in this case also, its action is less than in the case of tissues 
with a higher initial value of anaerobic glycolysis. 

Human carcinoma. Two specimens of human carcinoma of size and uni- 
formity suitable for these experiments were kindly placed at our disposal by 
Mr Handley: the numbers given are those of the records in the Bland-Sutton 
Institute of Pathology. These were a schirrus carcinoma of the breast and a 
sclerosing, spheroidal-celled carcinoma of the stomach. The following results 
were obtained (Table VII). 


Table VII. 


Care. breast Care. stomach 
No. SS 437/1929 No. SS 533/1929 
c re 
NaF (m.-mols) 0 5 0 


Qn +143 447 +49 
r ——— 


Mean 4:5 
Inhibition % ; 67 ‘ ‘ 

The difference between ‘hiss results is very initia. There is no demon- 
strable effect even with 4 m.-mols of fluoride in the second case, whereas the 
effect of 5 m.-mols of fluoride on the carcinoma of the breast has been to 
reduce its glycolytic power to one-third. Hence, as in the experiment with 
kidney, the effect of fluoride is least when the initial value of the glycolysis 


is low. 
60—2 
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This result is surprising, since the glycolytic activity of these tissues is 
generally supposed to be almost entirely due to cancer cells, and the other 
adventitious material has usually been regarded merely as a diluent [Warburg, 
1928]. Since on the basis of this assumption, for which there is a good deal 
of evidence, the actual cancer cells should show a high glycolysis, one might 
expect much the same lowering of this value by fluoride in the two cases. 

Reversibility of the action of fluoride. Of the various reagents which inhibit 
glycolysis, those in the case of which the reaction is reversible are the most 
likely to throw some light on the mechanism of the process, and are therefore 
of greater theoretical importance. In order to determine to what extent the 
action of fluoride is reversible, the tissues, after measurement of their glycolytic 
activity in fluoride-Ringer solution, were repeatedly washed in fluoride-free 
Ringer solution saturated with the gas-mixture and maintained at 38°. The 
controls were treated similarly. The result is summarised in Table VIII. 


Table VIII. 


Jensen rat sarcoma. Temp. 38°. 


Vessel ove A B C D 
With Ca Without Ca Without Ca Without Ca 
NaF (m.-mols) ea 0 0 50 50 
Qs i) ies” ae 19-7 17-2 1-0 1-1 
Inhibition % of controls : 95 94 
After repeated washing, A and C with Ca-Ringer, B and D with Ca-free Ringer solution, at 38°: 

- i a 18-4 12-0 11-6 7-4 
Recovery % of controls . ‘ 63 62 


Two points are clear from these results. Firstly the fall which we have 
often observed in the value of ON on washing many times with Ca-free Ringer 
solution, whereas the control washed with Ca-Ringer solution maintained a 
steady value. This appears to be an exaggerated example of the lower results 
in a Ca-free Ringer solution which are recorded in Table II. Secondly, the 
action of fluoride is clearly reversible to a considerable extent under these 
conditions, but in our experiments about one-third of the initial glycolytic 
activity is lost. It is difficult to express an opinion as to whether this is due 
to some definite destruction or “killing” of the cells or whether it is merely 
due to inadequate removal of the fluoride from the cell-contents, as no reliable 
data are available on this subject. 

In any case, however, the action of fluoride is quite distinct from that of, 
for example, mercuric chloride, which is almost completely irreversible 
[Jowett and Brooks, 1928]. 

The effect of temperature on the action of fluoride. In view of the fact that 
the action of fluoride seems to be due to some combination of the salt which 
is at least partially reversible, temperature may be expected to affect the 
equilibrium involved. In order to study the effect of temperature, the experi- 
ment detailed in Protocol 2 was carried out. For this purpose five manometer 
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Rat testis. V, =3 cc. Ringer in all vessels. N, with 5 % CO,. 


Vessel No. 
NaF (m.-mols) 
Pressure readings 
Temp. 25° 
10 min. 
10 ,, 
10 ” 
Temp. 35° 
oe - 
ae ss 
10 ,, 


Temp. 45° 


ror or 


Pressure change (h) for 30 min. (mm.) 
49) 
5 12 


2 
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Protocol 2. 


1 4 

0 5 
+ 35 + 25 

+ 45 + 2 
+ 4 + 25 
+15 +10-5 
+16 +10-5 
+ 15-5 + 95 
+13-5 + 9-5 
5 + 85 

+12-5 + 9 

+ 9 


2 ‘ 


35° 46-5 30-5 
45° 81 54 
V gas (cc.) 8-61 8-37 
Vessel constants (kgo,) 
25° 1-00 0-997 
35° 0-941 0-922 
45° 0-884 0-864 
Dry wt. of tissue (mg.) 11-07 13-78 
Qn: 
; 25° 2-2 1-0 
35° 7-9 4-1 
45° 2-9 6-8 


vessels were used; one of these was a thermo-barometer without tissue, and 
each of the remaining four vessels contained an approximately equal portion 
of rat testis in Ca-free Ringer solution. The experiment was begun with the 
vessels at 25° and afterwards the temperature of the thermostat was very 
quickly raised to 35°. After the readings had been taken the temperature was 
again raised to 45° and when thermal equilibrium was once more established 
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the readings were continued. The results are summarised in Table IX. 


Rat testis. 
NaF (m.-mols) 


Q™? at a 


M 


Inhibition by NaF % at 


From Table IX it is clear that the percentage inhibition caused by fluoride 
falls regularly as the temperature increases, suggesting a dissociation of the 


Table IX. 

0 5 
25° 2-2 1-0 
35° 79 4-1 
45° 12-9 6-8 
25° 0 56 
35° 0 48 
45° 0 46 


fluoride combination with rise of temperature. 


50 
0-1 
0-4 
2-3 

96 
95 
82 


& 
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In the second place the effect of temperature on the velocity of glycolysis 
approximates to the general van’t Hoff temperature coefficient of chemical 
reactions, and in this respect rat testis resembles the specimen of carcinoma 
examined by Warburg [1926, p. 121]. This rule applies equally well whether 
fluoride is present or not, as is shown in Table X. 


Table X. 
Rat testis. Ratio of velocities of glycolysis at 25°, 35° and 45°. 
NaF (m.-mols) 0 5 10 
=} 36:1 41:1 4-2:1 
oo 
45°} 16:1 17:1 19:1 


Effect of glucose concentration on fluoride inhibition. Further information 
on the mode of action of fluoride in inhibiting glycolysis is given from a study 
of the effect of concentration of the substrate. In the following experiment 
glucose solutions, made isotonic with NaCl and containing different per- 
centages of glucose, were used and a similar series of solutions was prepared 
containing in addition sodium fluoride in a concentration of 50 m.-mols. The 
first part of the experiment was carried out in the solutions without fluoride; 
this was afterwards poured off and the Ringer solution containing fluoride 
was substituted for it. The results are shown in Table XI. 


Table XI. 
Rat testis. 
Vessel ... as A B (control) C D E 
Glucose % sae Ries 0-1 0-2 0-5 1-0 2-0 
oy without NaF... 7-0 6-2 10-0 10-3 12-7 
Ringer solution replaced as follows: 
NaF (m.-mols) in Ringer 50 0 50 50 50 
Qn with NaF ... Se 0-6 6-8 0-7 0:8 0-75 
(control) 


Two points are shown by the figures in this table. The increase of velocity 
of glycolysis with glucose concentration resembles that described for carcinoma 
sections by Warburg [1926, p. 121] except that it does not reach a maximum 
with 0-2 to 03% of glucose, but there is a gradual increase with higher 
concentrations. 

The effect of fluoride is to reduce the glycolysis to a low constant rate in 
all cases, whatever the glucose concentration. 

Glucose consumption and lactic acid production in the presence of fluoride. 
It is conceivable, since the manometric method is non-specific, that the 
inhibition of the pressure changes in the presence of fluoride might not be 
due to a simple inhibitor of glycolysis, but that the glucose might be converted 
into some substance other than lactic acid, which does not liberate CO, from 
the bicarbonate. In several experiments, therefore, the concentration of 
glucose was determined before and after the experiment by Hagedorn and 
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Jensen’s method, and in two experiments the lactic acid formed was deter- 
mined by Friedemann, Cotonio and Shaffer’s modification of Clausen’s 
method: the details are given in an earlier paper [Baker, Dickens and Galli- 
more, 1929]. The results of one of these experiments are recorded in Table XII. 







Table XII. 


Jensen rat sarcoma, 38°. Time of exp. 1 hour. 











Vessel ca os A B Cc D 

NaF (m.-mols) ... en 0 50 0 2-5 

on “ae 18-6 1-0 19-0 4-2 
Calculated from pressure readings: 

Glucose consumed mg. ... 2-48 0-33 1-65 0-40 
Observed (Hagedorn and Jensen method): ; 

Glucose consumed mg. ... 2-76 0-39 1-6 0-5 
Observed (Clausen method): 

Lactic acid formed mg. ... — -- 1-7 0-5 











It will be seen that even in the presence of fluoride, the glucose con- 
sumption is quite parallel to the lactic acid formation as determined chemically 
and also by calculation from the observed pressure changes. 

Since in many cases of glycolysis phosphate plays an important part, it 
was thought necessary to repeat the above experiment in a medium containing 
sodium phosphate, as well as bicarbonate, but no difference was observed in 
this case. 

D. Use of dihydroxyacetone in place of glucose. Loebel [1925] has shown 
that tissues in vitro are able to bring about the conversion of dihydroxyacetone 
to lactic acid. This question is of importance in connection with the possibility 
of dihydroxyacetone being an intermediate in the metabolism of carbohydrate. 
Loebel used a concentration of 0-1 % of dihydroxyacetone, in which the lactic 
acid formation of rat brain was only 10 % of that of the control in 0-2 % 
glucose. With rat testis we have obtained much higher results, so much so 
that with the concentration used by Loebel the value of oe was approxi- 
mately equal to that in 0-2 % glucose, equimolecular concentrations of glucose 
and dihydroxyacetone giving the same value of Q*. In higher concentrations 
of dihydroxyacetone the figures were much greater than are obtainable by 
the use of glucose. In all these experiments a control vessel containing 
dihydroxyacetone in Ringer solution was used as thermo-barometer; the 
results are thus corrected for changes due either to the spontaneous trans- 
formation of the dihydroxyacetone into lactic acid or to bacterial action. Such 
changes did in fact occur, as is shown by the slight positive pressures in the 
dihydroxyacetone control vessel, but they were small in relation to the 
pressure changes under consideration. 

In view of the differences between our results with rat testis and those of 
Loebel with brain, the effect of varying the concentration of dihydroxyacetone 
was determined and is shown in Table XIII. 
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Table XIII. 
Rat testis 38°. N, with 5 % CO,. 


Dihydroxyacetone % ... 0-1 0-3 0-5 
N2 "7. 7.6 \* 
Qr si aes oie 7-0 17-6 19-8 

Control with glucose... (0-2 %) Qs =8] 


The rapid change which occurs in the value of Ox as the dihydroxyacetone 
concentration is diminished is in marked contrast to the results obtained 
with glucose in similar concentrations. 

Effect of fluoride in dihydroxyacetone-Ringer solution. The conversion of 
hexose to triose has often been regarded as an intermediate stage in the 
metabolism of carbohydrate. Whether similar intermediate compounds occur 
in glycolysis is uncertain, but in any case it is of interest to determine the 
action of fluoride on the transformation of dihydroxyacetone described in the 
last experiment. Jensen rat sarcoma and rat testis were the experimental 
materials used and the results are given in Table XIV. 


Table XIV. 








Tissue ... — Jensen rat sarcoma Rat testis 
= \ c as —y 
Dihydroxyacetone % ... 0-2 0-2 0-3 0-3 0-3 
NaF (m.-mols) ... ee 0 50 0 0 120 
— ee 37-5 37-5 22-9 16-9 16-7 
Ket 9 
Mean 19-9 
Table XV. 
(1) Rat testis. 

Oxalate (m.-mols) oo ave 0 5 10 50 
eee aS eS Se 8-4 8-5 7 2-8 
Inhibition % oe Be es 0 0 17 67 
Inhibition % by same concentration 0 45 75 95 


of NaF (see p. 943) 

It will be seen that the inhibitory effect of oxalate is much less than that of fluoride particularly 
in the lower concentrations. This result is in accordance with the effect, already mentioned, of 
these two salts on glycolysis in the blood. 


(2) Jensen rat sarcoma. Calcium-free Ringer solution at 38°. 
Oxalate (m.-mols) ee mcs 0 10 20 50 
Pian) ge, ie ae 20:7 5:8 5-4 4-4 
M so 
Inhibition % 72 74 79 


The reversibility of the action of oxalate was also investigated in the above exp. by the method 
described in connection with fluorides. Evidence of partial reversibility was obtained but the 
recovery after rinsing was less than in the case of fluoride. 

(3) Slow-growing rat sarcoma. The specimens of sarcoma used, like those of Jensen rat sarcoma 
previously mentioned, were kindly supplied by Prof. Russ and belonged to a strain propagated 
in the Barnato-Joel Laboratories of the Middlesex Hospital. The following figures were obtained 
with this material. 


Oxalate (m.-mols) a so 0 0 3 5 10 
Be aig rg ese ee ae 18-1 16-8 18-8 11-7 10-4 
M 

eee 
Mean 17-5 


This experiment shows that fluoride has little effect even when the whole 
of the sodium chloride in the Ringer solution is replaced by sodium fluoride 
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as in the last column of Table XIV. The action is thus quite distinct from that 
on glucose. 

E. Effect of oxalate with glucose. The experiments were carried out exactly 
as in the case of fluoride, the only difference being the use of isotonic sodium 
oxalate instead of sodium fluoride in the preparation of the solution (Table XV). 

F. Effect of cyanide. It is stated that concentrations of cyanide of the 
order of 1 m.-mol completely inhibit tissue respiration [Warburg, 1926], but 
this concentration does not affect glycolysis. In the following experiment 
the effect of higher concentrations of cyanide was studied. The experimental 
material used was rat testis. The sodium cyanide was previously neutralised 
with hydrochloric acid and was diluted so that the solution froze at — 0-56°. 
















Concentration of NaCN (m.-mols) 0 0 1 + 10 50° 80 
a 67 62 76 65 58 29 21 
: W—~—-— 
Mean 6-45 
‘ : 10 55 67 





Inhibition % ; ae aes 
From this it will be seen that very high concentrations of cyanide definitely 
inhibit glycolysis also, but that the amount required is about one hundred 
times as great as for respiration. 









RESPIRATION AND AEROBIC GLYCOLYSIS. 






In the preceding section the action on glycolysis of a substance—sodium 
cyanide—which is known to inhibit respiration is described. The following 
experiments were made to determine the effect on respiration of sodium fluoride, 
an agent already shown to reduce glycolysis. The improved method described 
by Warburg [1926, p. 102] was used in all experiments. 









Protocol 3. Effect of NaF on respiration and aerobic glycolysis. 


Rat testis. Temp. 38°. Ca-free Ringer solution. 















M 





Vessel No. 1 2 3 4 5E 6 
NaF (m.-mols) 0 0 10 10 20 20 
Vr 3 ce. 7 cc. 3 cc, 7 ce. 3 ce. 7 ce. 
Pressure change per +4 -17-5 +4 -10 +4 - 6 
10 min. (mm.) + 45 — 20-5 + 45 - 10-5 +3 - 5 
+ 45 ~ 18-5 + 55 " + 5 - 6 
Pressure change per h=+13 H=-56-5 h=+14 H= -29-5 h=+12 H=-17 
30 min. 
Wt. of dried tissue (mg.) 12-49 15-10 8-76 6-60 7-54 9-17 
V gas (ce.) 8-61 4-44 9-51 4-37 10-24 5-47 
Vessel constants kco, 0-916 Keo, 0-767 kco, 0-996 Kco, 0-761 kco, 1:06 Keo, 0-858 
ko, 0-761 Ko, 0-406 ko, 0-841 Ko, 0-400 ko, 0-908 Ko, 0-497 
E ~\ 2 eS a ~- ) u “~y 
Qo, (respiration) -11-9 — 13-9 -11-9 
2. (total acid produced) +15-7 +19-7 +17-2 
Q°* (aerobic glycolysis) + 46 + 58 + 53 
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Effect of fluoride on rat testis. The details of the experiment are given in 
Protocol 3 and the results are summarised below. 
NaF (m.-mols) ose 0 10 20 
Qo, (respiration) nee -11-9 -13-9 -11-9 
Oy (aerobic glycolysis) ... + 46 + 58 + 53 
Two points are clear from this experiment. Firstly, concentrations of 
fluoride which inhibit glycolysis strongly do not affect respiration to any 
measurable extent. This result is not in accordance with that of Loebel [1925], 
who, in the cases of rat brain and skin of a new-born mouse, found that 2-4 
to 4-8 m.-mols sodium fluoride inhibit the respiration by about 30 or 40 %. 
In some of our other experiments with rat testis about 50 to 100 m.-mols sodium 
fluoride were needed for this effect. Secondly, it will be seen that fluoride, 
even in concentrations which inhibit the anaerobic glycolysis to the extent 
of 80 to 90 %, has little effect on the aerobic glycolysis. This surprising result 
is in marked contrast to that obtained with malignant tissues described below. 
Rat kidney. In view of the difference referred to above between our results 
with testis and that of Loebel, the effect of fluoride on the respiration of kidney 
was examined. The case of rat kidney is simpler than that of rat testis since 
this tissue has no aerobic glycolysis in Ringer solution. This is true even in 
calcium-free Ringer solution, as in the following experiment, which showed 
in addition that the presence of fluoride does not diminish the respiration in 
this case also. 
NaF (m.-mols) ... 0 10 20 
Qo. eh his ~ 15-4 ~16-9 -18-3 
Jensen rat sarcoma. The effect of fluoride on malignant tissue under aerobic 
conditions is of great interest in view of the fact that the respiration of such 
tissues is unable to inhibit the aerobic production of lactic acid. Moreover, 
according to Warburg [1926] such tissues derive a large part of their energy 
from aerobic glycolysis. From the following experiment it is evident that in 
the case of Jensen rat sarcoma, whilst the respiration is unaffected by fluoride, 
the aerobic glycolysis is much reduced. In this experiment calcium-containing 
Ringer solution was used, but the amount of fluoride was insufficient to cause 


the formation of a precipitate of calcium fluoride. 
NaF Qo. O2 Inhibition 
(m.-mols) respiration Qu aerobic glycolysis 
0 -11-9 +13-4) ta 
6 -10-1 + 6-0) ca. 50 % 
Effect of oxalate under aerobic conditions. Rat testis was the material used 
for these experiments. The effect of varying concentrations of oxalate is shown 
in the following experiment. 


Oxalate 
(m.-mols) Qo; Q’ 


M 

5 -8- +3-9 
10 —7:2 +3-2 
50 —7-é +2-7 


Thus in the case of oxalate also, there is no evidence of any definite change. 
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DIscussION. 


In this discussion the term “glycolytic enzyme” will be used for the sake 
of clearness for the substance essential for glycolysis, the action of which is 
inhibited by fluoride. 

The study of irreversible reactions, such as destruction by heat and by 
mercuric chloride, does not yield any information as to the nature of the 
equilibria between the glycolytic enzyme and the metabolites and other 
substances concerned. Reversible processes are, therefore, of much greater 
theoretical interest. The effect of nitric oxide [Warburg, 1928] is an example 
of this type of inhibition. 

In the present paper it is shown that fluoride inhibits glycolysis without 
destruction of the glycolytic power; the reaction is reversed merely by placing 
the tissue in a fluoride-free medium. Hence fluoride belongs to the category 
of specific inactivators, and is therefore to be distinguished from the large 
group of substances which inactivate enzymes by destruction. Several possible 
explanations of the action of fluoride suggest themselves. 

Lyotropic action. The action of the various salts might be due to a direct 
action on the colloidal state, possibly by affecting the extent of dispersion of 
the colloid. In the case of the salts examined, the results, and particularly 
the fact that citrate and tartrate are without effect, do not support this view. 

Adsorption. The action of strongly adsorbable, chemically indifferent 
substances on glycolysis and respiration has been much studied by Warburg 
[1926, 1928], and has been explained by him as being due to displacement of 
the substrate from the active centres in the surface of the adsorbent. The 
salts studied in the present paper, however, bear no resemblance to the 
capillary-active substances (e.g. urethanes and heptyl alcohol) of which this 
type of behaviour is characteristic. It is therefore very improbable that the 
action of fluoride and oxalate can be due to this type of adsorption. 

Chemical action. All our experiments lend support to the view that the 
inhibition of tissue glycolysis in the cases studied can best be explained from 
the point of view that it is associated with the formation of a chemical com- 
pound of the fluoride with some unknown substance in the cell, and that the 
extent of glycolysis is proportional to the amount of this substance which is 
not combined with fluoride. The evidence in favour of this view will now be 
discussed. 

Fluoride concentration and inhibition. Many points in the experiments 
which have been described suggest that the action of fluoride might be 
explained by the application of the laws of mass action. If we denote the 
substance which is responsible for glycolysis by X and make the simplest 
possible assumption that the velocity of glycolysis of the tissue is proportional 
to the concentration of this substance we may write: 

Initial velocity of glycolysis = Q** (without NaF) = ¢ [Xo], 
where [X,] is the concentration of the enzyme originally present in the tissues. 
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There are many familiar examples of this type of relationship between enzyme 
concentration and velocity of reaction. 

It is now necessary to make some assumption as to the manner in which 
fluoride combines with the free enzyme X to form an inactive complex. This 
will be denoted by XF,,, where n molecules of fluoride combine with one 
molecule of enzyme. Then for any given concentration [F] of fluoride, the 
total concentration of X (free and combined), is given by 


[X] + [XF,,] = [Xo]. 
Since the velocity of glycolysis is proportional to the concentration of free 
enzyme, in this case we obtain 
N: (with NaF) = c[X], 


M 


hence Qs? (with NaF) c[X] [X] 


Qs (without NaF) ° [Xo] (X]+[XF,]’ 
or if ¢ denotes the percentage of inhibition, then 


i Qe (without NaF) - Qs (with NaF) [XF,,] 





100 Q*? (without NaF) ~ [X]+[XF,] 
In view of the experiments on the reversibility of the action of fluoride, 


we may now consider the relationship 
X + nF = X.Fn 
on the above assumption, and write 
[X] x [F]" =k [XF,]. 


Substituting for [XF,,] we obtain 
i (FP 
100° k+[F}?" 
On applying this equation to the results obtained by experiment in the 
case of rat brain and rat sarcoma, the observed and calculated values were in 
good agreement if the value of » was unity. From the above reasoning this 
might well indicate that the combination of X with fluoride is a simple mono- 
molecular reaction: X + F = XF. It is doubtful, however, if it is justifiable 
on our present evidence to state that the reaction is monomolecular, since it 
is well known that, slight variations of the exponent n cause only a small 
alteration in the shape of the curve. Thus, for example, the value n might lie 
between 0-9 and 1-1. However, as a better agreement is not obtained by the 
use of other values of n, the monomolecular type of reaction is the simplest 
and most reasonable hypothesis in this case. The experiments showed, how- 
ever, that, whilst this type of equation holds for rat brain and rat sarcoma, it 
is not generally applicable in this simple form. In the case of rat testis a 
different type of curve was obtained (Fig. 3) and the values calculated from 
the monomolecular type of equation deviated much more from the observed 
values than in the preceding cases. This was true whatever value is assigned to k. 
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It was found that if the value of n is taken to be approximately equal to 2, 
the equation then represents the observations with about the same accuracy 
as does the monomolecular type in the other cases studied. This might be 


‘interpreted as evidence that the reaction in this case is of the type 


X + 2F = XF,. 
In this connection it is necessary to repeat that the value of n may not be 
exactly equal to 2, but until some more accurate method of experiment is 
available it is not possible to decide its exact value. 
In the above equations k is the constant of the dissociation of the (XF,,) 


complex into its components (X) + (F,,), thus the value _ gives an approxi- 


mate measure of the affinity of fluoride for X. In the tissues examined, this 
affinity is of the following order?: rat sarcoma, 1000; rat brain, 600; rat testis, 170. 
This shows that the affinity of X in the various tissues may be variable, and 
is probably nearly six times as great in the case of sarcoma as in rat testis. 

The experiments on the effect of temperature described in the experi- 
mental part may be interpreted as affecting the equilibrium discussed above. 
This effect is clearly shown by Table IX to result in a lessened inhibition of 
glycolysis as the temperature is raised. The probable explanation must be 
looked for in a dissociation of the fluoride-enzyme compound, yielding a higher 
concentration of the free enzyme. In other words there is an increase of the 
equilibrium constant k with rise of temperature. This case may be compared 
with the effect of temperature on the dissociation constant of oxyhaemoglobin 
[Barcroft and King, 1909; Barcroft, 1928] except that in the case of oxy- 
haemoglobin the effect of temperature is greater. 

It is evident that the heat of reaction between fluoride and the enzyme 
could be calculated from further measurements of this type, and experiments 
on this point are at present in progress. 

Further information as to the nature of the reaction of fluoride is given 
by the experiments on the effect of increased concentration of substrate on 
inhibition by fluoride. High concentration of glucose did not increase the 
glycolysis in the presence of fluoride. Michaelis and Rona [1914] distinguish 
between two types of inhibition according to whether a variation of the 
concentration of substrate affects the percentage inhibition or not. Since in 
the experiments described above there was no evidence of any such change, 
the conclusion seems to be that there is no evidence of any competitive action 
of fluoride and glucose for the enzyme. 

In the light of the above result we can now consider, as far as these 
observations permit, what may be the probable nature of the substance to 
which anaerobic glycolysis of tissues is due. In the first place, the following 
points are evident from the preceding experiments. 

(1) The substance has a definite and measurable affinity for fluoride with 
which it forms an inactive compound. 


1 Using molar concentrations in this case. 
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(2) The affinity for fluoride has a different value in different tissues. 

(3) It also probably forms a similar inactive compound with oxalate. Its 
affinity for oxalate in the tissues examined was less than that for fluoride. 

(4) Both fluoride and oxalate form many complex compounds with heavy 
metals. Warburg’s view appears to be that both respiration and glycolysis 
are primarily due to the catalytic properties of some heavy metal, probably 
iron. If this is indeed the mechanism of glycolysis, and the inhibitory action 
of nitric oxide, for example, may be explained as a combination with iron, then 
a similar explanation might be applied to the action of fluoride and oxalate. 

(5) An inactive compound is formed with cyanide also, but in this case 
the affinity is even less than for oxalate. 

(6) No inactive compounds are formed with citrate or tartrate or with the 
other ions studied. 

Aerobic glycolysis. In the case of aerobic glycolysis the action of fluoride 
seems to be more complicated. Warburg [1928] has shown that oxygen 
pressure has no effect on cyanide inhibition of respiration, from which he 
concludes that cyanide does not react with the reduced form of the respiratory 
enzyme since the combination is not affected by varying concentrations of 
oxygen. This does not apply to the action of fluoride on aerobic glycolysis, 
since the inhibition in this case is definitely less in the presence of oxygen. 
If it be assumed that the glycolytic enzyme is quite distinct from the re- 
spiratory enzyme, then this result might be explained by the assumption that 
in the presence of oxygen only a variable fraction of the glycolytic activity 
has been inhibited by oxygen, but that the inactivated enzyme still retains 
its power to combine with added fluoride. Consequently combination with 
fluoride might occur (as it may be supposed to do in the case of rat testis) 
without diminution of glycolysis. In this case also, the affinity for fluoride 
is small. In the case of rat sarcoma, with a larger affinity, there is a definite 
action of fluoride even on aerobic glycolysis. 

There is some evidence, however, that the respiratory and glycolytic 
enzymes, if not identical, may at least be very closely related. If we imagine 
that this is the case, and that a definite amount of oxygen is able to remove 
a definite amount of lactic acid, either by conversion to carbohydrate or by 
direct oxidation, and that this is the explanation of the effect of oxygen in 
inhibiting or reducing anaerobic glycolysis, then the effect of fluoride on 
aerobic glycolysis is more difficult to explain. If the action of fluoride is a 
pure inhibition of glycolysis in this case, as apparently it is anaerobically, 
then the respired oxygen in the presence of fluoride might be expected to 
reduce the glycolysis still further. A possible explanation of this difficulty is 
available, if it is permissible to consider the fluoride as interfering with the 
“Pasteur reaction” [Warburg, 1926, p. 238]. Warburg’s view is that in most 
normal tissues the oxidative reactions have a limited ability to prevent the 
appearance of lactic acid. The relationship is a quantitative one in the sense 
that when this reaction is operating under optimum conditions, one molecule 
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of respired oxygen can prevent the appearance of exactly two molecules of 
lactic acid. This relationship is called by Warburg the “Pasteur reaction.” 
Various agents, however, have the property of interfering with the efficiency 
of this reaction in such a way that one molecule of respired oxygen is now no 
longer able to inhibit the appearance of two of lactic acid. Consequently in 
many tissues lactic acid may be made to appear aerobically under certain 
artificial conditions, such as in the presence of ethy] isonitrile [Warburg, 1926], 
or even by slight mechanical or other damage, without the respiration being 
affected. Rat testis is an example of the latter case, and the fact that in 
Ringer solution (but not in serum) it causes aerobic glycolysis is attributed to 
this cause. 

If this is the way in which the fluoride acts in this instance, the case of 
rat testis is an exceptionally complicated one. It is proposed to study this 
aspect of the problem further. 

Effect on respiration. The fact that in very low concentration cyanide 
inhibits respiration but does not affect glycolysis, whereas fluoride has exactly 
the reverse effect, appears at first sight to suggest that respiration and gly- 
colysis are due to entirely different substances. This is of course one possibility, 
but another explanation is that the reason for this difference might be con- 
nected with some other factor, for instance the state of oxygen combination 
in the substance necessary for respiration and glycolysis [Keilin, 1929]. 

As nothing is at present known of the action of fluoride on any compounds 
which have been considered to take part in cell respiration (e.g. haematin, - 


cytochrome), it is not possible to go into this question further at this stage. 


SUMMARY. 


1. The effect of various salts on anaerobic glycolysis in tissues has been 
studied; of these, fluoride and oxalate inhibit glycolysis very strongly in all 
the tissues examined. 

2. The relation between concentration of fluoride and the percentage 
inhibition has been studied in the case of three tissues, namely Jensen rat 
sarcoma, rat brain, and rat testis. 

3. It was found that the action of fluoride may be represented by a simple 
relationship, based on the law of mass action. This relationship, though of 
a similar type, is not identical in the tissues used. There is a variation which 
is considered to be due to a difference in (a) the order of the reaction, and 
(6) the affinity of fluoride for the glycolytic enzyme. 

4. The approximate values of the affinity constant of the fluoride-enzyme 
complex have been determined in the case of the above-mentioned tissues. 

5. The general inference from the above conclusions is that fluoride forms 
an inactive compound with some substance essential for glycolysis. This 
reaction follows the ordinary laws of chemical equilibria. 

6. The effect of temperature on this equilibrium is described, and it is 
concluded that the enzyme-fluoride compound is exothermic. 
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7. Experiments have also been made on the action of fluoride on a number 
of other tissues. In the case of rat retina, rat kidney and two specimens of 
human carcinoma, fluoride also had a strongly inhibitory action on glycolysis. 

8. The effect of oxalate has been studied and in all cases was less than that 
of fluoride, whilst cyanide only inhibits glycolysis when present in very high 
concentration. 

9. Fluoride does not inhibit the conversion by tissues of dihydroxyacetone 
into lactic acid. 

10. Fluoride and oxalate do not appreciably influence tissue respiration 
in the concentrations used. 

11. Aerobic glycolysis is inhibited by fluoride in the case of Jensen rat 
sarcoma, but not in that of rat testis. 


This work was carried out with the aid of a whole time grant to one of 
us (F. D.) from the Medical Research Council, for which he wishes to make 
acknowledgment here. We have also to thank the Halley-Stuart Trust for 
a grant towards the cost of apparatus. 

In conclusion the authors wish to express their thanks to Prof. Dodds for 
his continued interest in this work and for much valuable advice and criticism. 
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INTRODUCTION. 


In certain serological tests and in particular in the Wassermann reaction, use 
is made of a colloidal suspension prepared by the addition of an alcoholic 
extract of an animal organ, such as heart or liver, to a 0-85 % solution of 
sodium chloride. Some of the colloidal properties of such antigens have been 
described in the first paper of this series [Kermack and MacCallum, 1924]. 
It was found that such antigens resemble ordinary colloidal suspensions, such 
as gold or gum benzoin, in being precipitated by small quantities of positively 
charged protein (e.g. gelatin), but differ from them by not being precipitated 
by salts of univalent cations however high in concentration these may be and 
in not showing precipitation in presence of large quantities of calcium chloride 
but complete precipitation in presence of moderate quantities of this salt. 

It is the purpose of the present paper to describe more completely these 
peculiar abnormalities with a view to elucidating their cause. It is of especial 
interest to inquire to what extent the zone phenomenon observed when 
calcium chloride is used to precipitate the antigen is related to the phenomenon 
known as ion antagonism, such as may be observed with Selmi’s sulphur sol. 
This colloidal solution requires less sodium chloride for precipitation in the 
absence than it does in the presence of a small quantity of magnesium chloride, 
the concentration of the latter being of course so chosen as to be insufficient 
to effect precipitation alone. A similar effect is observed to some extent with 
almost any combination of a monovalent along with a bivalent or tervalent 
cation, and it appears whether the multivalent cation is added first or whether 
a mixture of these two cations is added to the sol. In some respects the effect 
observed using calcium chloride with the Wassermann antigen resembles the 
phenomenon of ion antagonism, inasmuch as in both cases increase in the 
total cationic concentration results actually in a decrease in the precipitation 
observed. 

A systematic study has therefore been made of the action of univalent 
and bivalent cations on the antigen. The salts used have been chiefly lithium 
chloride, sodium chloride, calcium chloride and magnesium chloride; and 
systematic observations have been made on the precipitation of antigen by 
these salts separately and by mixtures of any two of them. 
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The experimental work contained in this paper is divided into four sections 
The first contains a description of the method of preparing the antigen, some 
of its properties and the effect on these of variations in the method of pre 
paration. The second describes the effect of the addition of antigens prepared 
under definite conditions to solutions of inorganic salts covering a wide range 
of concentration. The third contains experiments on the protecting power of 
these antigen solutions on gold, cholesterol, gum mastic and gum benzoin sols; 
and in particular, the effect on this of modifications in the methods of pre- 
paration of the antigen and of the presence of the cations and anions; whilst 
in the fourth section, certain results relating to lecithin sols are given, which 
may be compared with those obtained with the Wassermann antigen. 

It is convenient to record these in this paper, in order that a comparison 
may be made of the two somewhat similar colloidal systems. It is not claimed 
that the observations recorded are exactly reproducible, as different preparations 
of antigen appear to give slightly differing results and the degree of precipi- 
tation observed may alter in a quantitative sense with certain factors such as 
the age of the antigen used in the experiment. The general type of result, 
however, can be reproduced without difficulty. 


I. PROPERTIES OF THE ANTIGEN. 


In the previous paper [Kermack and MacCallum, 1924], several antigens 
were used but, as the same general results were obtained with all of them, 
that of Bordet and Reuben was selected for further work, as this antigen 
appeared to be the most uniform and highly active in the Wassermann 
reaction, in proportion to its content of solid material. The alcoholic solution 
was prepared as described by Kermack and MacCallum [1924]. On evaporation 
it left 0-3 % of a yellow waxy solid which readily dispersed on mixing with 
water. No cholesterol could be detected by the Liebermann-Burchard or 
Salkowski tests and it left no ash on ignition. 

It is well known that the physical appearance of such antigens depends on 
the exact conditions of mixing with water or sodium chloride solution. With 
Bordet’s antigen this phenomenon is quite well marked. When water or saline 
is added to it slowly the mixture becomes opalescent, but if the alcoholic 
extract is added drop by drop to the water, or if the two are mixed suddenly, 
less turbidity is observed and the resulting mixture may appear quite clear. 
It has been observed that the activity of such sols in the Wassermann reaction 
depends on their opacity, and it was thought therefore of some interest to 
ascertain to what extent their colloidal properties were influenced by the 
method of preparation. Certain of the experiments have therefore been 
carried out with sols prepared so as to be opalescent, while others have been 
carried out with sols which appeared almost water-clear. The first type (A) 
was prepared by the addition of 90 cc. of water drop by drop, with constant 
stirring during 20-25 minutes, to 10 cc. of the alcoholic extract. The second 
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type (B) was prepared by adding 10 cc. of the alcoholic extract drop by drop, 
to 90 cc. of water. 

The ultramicroscopic observations of these antigens are of interest. The 
opaque antigen (A) shows the presence of a large number of particles about 
the same size as the particles in gum benzoin sol with a marked Brownian 
movement. When high concentrations (2 N) of calcium chloride are added the 
particles become very much larger with a proportionate decrease in movement. 
The fine antigen (B) shows exceedingly small particles and a similar effect is 
observed when calcium chloride in high concentration is added. 

It appears from these observations that the coarse antigen consists of 
moderately small particles which, in the presence of salt, tend to aggregate, 
but that this aggregation is arrested at a certain point if sufficient salt is 
present. In the fine antigen, the particles, much finer to begin with, likewise 
aggregate, under the action of salt solutions, but here the arrest in aggregation 
takes place with quantities of salt insufficient to effect flocculation. 

It may also be stated here that observations have been made on the sign 
of the electric charge carried by the colloidal particles. Ultramicroscopic 
observations on this point have been made on both antigens by a method 
described in a previous communication by Wright and Kermack [1923]. 
Confirmatory observations have also been made by the use of the inverted 
U-tube method, the U-tube used being similar to that described by Northrop 
and Cullen [1922]. As was to be expected both antigens were found to have 
a negative charge. 

The effect of adding these antigens to a series of dilutions of calcium 
chloride is shown in Table I; 1 cc. of the antigen was added to 1 cc. of the 
calcium chloride solution contained in a small test-tube and the results were 
read after 24 hours. (In this and in other tables 4 denotes complete preci- 
pitation, 3 almost complete, 2 partial, 1 slight and 0 no change. Where the 
antigen became more opaque “op.” is entered. The final concentrations after 
addition of the antigen are given.) 


Table I. Precipitation of antigens A and B by calcium chloride. 


Concentration of calcium chloride 


= Si qi Si zi a zi Si 

zB a 1. AQ _ © oO = nN 

» 1 N © oo = So Se S 

= = N = 2 Se = = 2 2 

= } } } é } rr) } } } 

Antigen A op. op. 1 4 4 4 4 0 0 0 
” B 0 0 0 0 0 0 0 0 0 0 


It appears from these results, which have been confirmed on many 
occasions, that the antigen (A) is precipitated much more easily than the 
antigen (B), and so, at least with calcium chloride, it is only antigen (A) 
which shows the zone effect, as antigen (B) is not precipitated in any tube. 

It is difficult to observe the presence or absence of precipitation with the 
fine antigen (B); but a strong beam of light from an arc lamp was used with 
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advantage as the antigen shows a marked Tyndall cone which becomes more 
marked with the opaque suspensions produced by the high concentrations of 
salt, but which would practically disappear if the colloid was precipitated. 

The following observations show that the colloidal properties of the antigen 
are fairly stable and that various treatments of a mild nature do not materially 
alter the sol. Antigen (A) was treated in the following ways. 

(1) Heated on water-bath at 100° for several hours. 

(2) Aerated at room temperature for several hours. 

(3) Aerated at 100° for several hours by a current of air which had pre- 
viously passed through water at 100°. 

(4) Treated similarly to (3) but with the addition finally of a quantity of 
alcohol equal to that removed in (2) and (3). 

(5) Hydrogen peroxide (2 cc. 90-100 vols.) added to 50 cc. antigen, the 
mixture being then treated as in (3) and neutralised with dilute sodium 
hydroxide solution before use. 

These experiments were carried out to ascertain whether heating and mild 
oxidation rendered the antigen incapable of giving the peculiar zone effect. 
It was found, however, that after such treatment the same type of result was 
obtained. Similar experiments were also carried out with the fine antigen (B) 
but in no case was any material difference effected in its colloidal properties. 


II. PRECIPITATION BY DIFFERENT SALTS. 

In this section we shall detail the results of experiments in which the 
actions of various salts and of mixtures of different salts were investigated. 
In most experiments antigen A was used. For this purpose a series of dilutions 
of various salts was prepared in distilled water, and to 1 ce. of each dilution 
of the solution 1 cc. of antigen was added, and the mixtures were allowed to 
stand for about 24 hours. The results indicated in Table II were obtained. 


Table II. Precipitation of antigen A by salts. 


Concentration of salt 


“s = a zi a zi qi a 

: . “> nN = © 2 x a 

ie MR SR RR OR a a, 

_ } S } } } } S S ° 

CaCl, op op. 1 4 4 4 4 0 0 0 
MgCl, op. 1 2 + 4 4 op. 0 0 0 
SrCl, op. op. 4 4 4 op. 0 0 0 0 
BaCl, op op. 4 4 4 3 op. 0 0 0 
NaCl op op. 0 0 0 0 0 0 0 0 
KCl 1 op. 0 0 0 0 0 0 0 0 
LiCl 2 1 ] 0 0 0 0 0 0 0 
NH,Cl 1 op. 0 0 0 0 0 0 0 0 


It will be seen that magnesium, calcium, strontium and barium chlorides 
all show the same peculiar abnormal effect and that in the case of each salt 
less precipitation occurs at concentrations of 0-5 N than at 0-016 N. In this 
table are also included the results obtained with certain univalent cations 
and it will be seen that these resemble sodium in their action. 
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It is well known that in most cases of ion antagonism it is necessary to 
use ions of different valency in order that the phenomenon may be evident 
and that it is particularly well marked with lithium and magnesium. 

In a certain sense the results obtained with the bivalent cations may be 
considered as a particular type of ion antagonism inasmuch as the presence 
of a larger number of ions antagonises the action of a smaller number. For this 
reason it appeared of interest to investigate systematically the result of having 
present simultaneously two types of cations. Four salts were therefore chosen, 
calcium, sodium, magnesium and lithium chlorides, and six experiments were 
carried out in each of which a particular pair of these salts was used. A series 
of dilutions of each of the salts was prepared and into a test-tube was placed 
0-5 cc. of a particular dilution of one salt and 0-5 cc. of a particular dilution 
of another. To the mixture was added 1 cc. of the antigen. The results are 
given in Tables III-VIII in which the concentrations given are the final 
concentrations of salt present after dilution with the antigen. 


Table III. Precipitation of antigen A by NaCl and CaCl,. 


Concentration of sodium chloride 


= zy z = z a q 
> ‘ Yen) nN os o @ = Pe 
z » «Of a s 8s S$ 8&8 Ss & 
- } } } — } } } } = 
H,O op. op. 0(7:0) 0 0 0 0 0 0(68) 0 (6-4) 
‘3.9 0-004 N op. op. 0 0 0 0 0 0 0 0 
ae 0-008 N op. op. 0 (7-2) 0 0 0 0 0 0 op. 
2g 0-016 NV op. op. op. 0 0 op. 3 4 4 + 
2° 0-031 N op. _op. 1 3 3 4 4 4 4 4 
2g 0-062.N  op.(7-4) 1 3 3 4 4 4 4 4 4(7-4) 
8.2 0-125 N op. 1 3 4 4 4 4 4 4 4 
ae 0-25 N op. 1 2 3 3 3 3 3 2 2 
O0°05N op. 1 1 1 1 1 ] 1 1 op. 
1N op. (7-6) op. op. 0 0 0 0 op. op. op. (8-0) 
Table IV. Precipitation of antigen A by InCl and CaCi,. 
Concentration of lithium chloride 
' = z z zi z 
e os wD nN x CS) oO 
ee te Oe. 8 > - 8s & = S. 
nN } } } — S rm) a) = 
H,O 3(64) 2 2 0 0 0 0 0 0 0 (6-4) 
3 2 0-004 N 3 2 2 0 0 0 0 0 0 0 
== 0-008 V 3 2 2 op. 0 0 0 0 0 0 
£5 0-016 N 3 2 1 1 0(64) 0 0 op. 3 4 
3°53 0-031 N 3 2 2 2 2 3 3 4 4 4 
£20062N 3(67) 2 2 2 3 3 4 4 4 
8 5 0-125 N 3 2 2 2 2 3 3 3 3 t 
52 0-25 N 3 2 2 2 2 2 2 1 1 1 
05 05N d 2 2 2 1 op. op. op. op. op. 
1N 2 (7-0) op. op. op. 0 0 0 op. op. op. (7-4) 


It will be seen from Table III that the action of sodium chloride is usually 
protective, for instance 0-015 N calcium chloride produces precipitation but 
if sodium chloride is also present in concentration greater than 0-031 N 
precipitation is inhibited. Also 0-12 N calcium chloride just causes complete 
precipitation but if sodium chloride in concentration of 1 N be present no 
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precipitation takes place. A very similar phenomenon is observed when both 
magnesium chloride and sodium chloride are present or when lithium chloride 
and calcium chloride or lithium chloride and magnesium chloride are present, 
although in some of these cases the effects are somewhat more complicated 
and can be readily seen from the table. When both calcium and magnesium 
chloride are present it is found that if a concentration of calcium is taken 
which itself effects precipitation, that precipitation may be inhibited provided 


> 
~ H,0 1 (5-9) 
“3S 0-004 N 1 
= 6 0-008 NV 1 
2 0-016 N 1 
3 ~ 0-031 NV 1 
= £ 0-062 V 1 
8° 0-125 N 2 
E 6 0-25 N 3 
O02 05N op. 
AN 2 (5-1) 
Table VI. 
> 
x2 
a 
H,O 2 (6-2) 
“3 © 0-004 N 2 
== 0-008 V 2 
2S 0-016 N 2 
SS 0-031 V 3 
= g 0-062 N 3 
S 5 0-125 N 3 
ES 0-25 N 1 
S205N 0 
1N 0 (6-3) 
Table VII. 
= 
a 
a2 1 (5-8) 
e = 0-004 N 1 
© 5 0-008 N 1 
2 0-016 N 1 
= g 0-031 N 2 
= 5 0-062 N 2 
3% 0-125 N 3 
££ 0-25 NV 3 
Of 05N 3 
7 1N 2 (5-2) 





Table V. Precipitation of antigen A by NaCl and MgCl,. 


Concentration of sodium chloride 


Precipitation of antigen A by NaCl and InCl. 


Concentration of lithium chloride 


z = z & = z z = 
0 nl _ © © + a = 
= 2 = = i 4 2 = 
= S S } S } — —) 
2 2 op. 0 0 0 0 0 
2 2 op. 0 0 0 0 0 
2 2 op. 0 0 0 0 0 
3 3 op. 0 0 0 0 0 
3 3 op. 0 0 0 0 0 
3 3 1 (6-4) op. 0 0 0 0 
3 3 2 2 op. 0 0 0 
2 3 3 3 3 3 3 (6-5) 3 
2 2 3 3 3 3 3 3 
1 2 2 2 2 2 2 2 


Precipitation of antigen A by LiCl and MgCl,. 


Concentration of lithium chloride 


a = = zi = qi qi zi 
. a ae a ae ee 
~ S S S So S S oS 
1 1 op. 0 0 0 0 0 
1 1 op. op. 0 0 0 0 
] 1 2 2 3 3 4 4 
1 2 2 2 3 4 1 4 
2 2 2 3 (5-9) 3 4 4 4 
2 2 2 3 4 4 4 4 
3 2 3 3 4 4 4 4 
3 3 3 2 2 2 2 2 
3 4 4 3 2 2 2 2 
2 2 2 op. op. op. op op. 





. z qj zi z = i 
ea ae ae 
4 a = = © = = = 
S } —) S S S S —) 
1 1 op. op. 0 0 0 0 
1 1 op. op. 0 0 0 0 
1 1 op. op. 0 0 0 0 
2 2 1 op. op. 0 op. op. 
2 3 3 3 3 (5-8) 4 4 4 
3 3 4 4 4 4 4 4 
3 3 4 4 4 4 3 3 
3 3 3 3 3 3 3 3 
4 4 : 3 3 3 2 2 
3 3 3 2 1 1 1 1 (6-0) 
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Table VIII. Precipitation of antigen A by CaCl, and MgCil,. 


Concentration of calcium chloride 


c a a ay a a a 
& ps > a _ © oo = ye 
ia oe ae Se Se Ue Ue CF 
_ } } é ° } } } S = 
o H,O op (7-6) op. 3 4 4 4 4 op. 0 0 (6-4) 
4 = 0-004 N 4 4 4 4 4 4 4 4 0 0 
2,2 0-008 N 4 4 4 4 4 4 4 4 op. 0 
i 5 0-016 N 4 4 4 4 4 4 4 4 3 op. 
8 g 0-031 N 4 4 4 4 4 (7-0) 4 4 4 4 4 
3.2 0-062 NV 4 4 4 4 4 4 4 4 4 4 
8 2 0-125 N 4 4 3 2 3 3 4 4 4 4 
8 5 0-25 N 4 4 3 3 3 2 2 2 2 2 
OS 05N 4 4 3 2 2 1 1 1 1 1 
RAIN 4 (7-8) 4 2 2 2 (6-8) 1 1 1 1 op. (6-0) 


sufficient magnesium is also present. On the other hand, calcium, in any 
amount within the range used, does not appreciably inhibit precipitation by 
magnesium. It would appear then that this sol shows to a very marked extent 
the phenomenon of ion antagonism and that this is exhibited not only with 
mixtures of univalent and bivalent ions, but even to some extent in the case 
of two bivalent ions. In the case of two univalent ions, lithium and sodium, 
the effects are somewhat obscured because of the very weak action of the 
univalent ions on this sol; but, if we take a series of tubes containing lithium 
chloride in concentration of 2-5 N, the effect of increasing amounts of sodium 
chloride is first of all to cause increased precipitation and in higher concen- 
trations decreased precipitation. 

It will be observed that the ion antagonism here described is peculiar in 
that it is exhibited by ions of the same valency and even in the case of a single 
type of ion. Further, as mentioned above, with many bivalent ions, a zone 
effect is observed and so it would appear that an excess of ions antagonises 
the precipitating reaction of a smaller quantity. This inhibiting action of large 
concentrations of bivalent ions does not seem to be due to their effect in 
reversing the electric charge. Cataphoretic experiments were made in a U-tube 
in order to ascertain the magnitude and the sign of the cataphoretic potential 
difference between the particles and the medium in presence of a concentration 
of calcium chloride greater than that effecting precipitation. No cataphoretic 
movement, however, was obtained and, although any conclusion from this 
experiment must be drawn with reserve, in view of the difficulties introduced 
by the presence of the high concentrations of electrolyte, yet this result makes 
it appear probable that the failure of precipitation under these conditions is 
to be found not in a reversal of electric charge on the particle but in some 
other direction. 

With the above results, obtained with salts of sodium, lithium, magnesium 
and calcium, may be compared Table IX which represents experiments in 
which for one of the salts there has been substituted hydrochloric acid. It will 
be seen that the hydrogen ion acts like a bivalent rather than a univalent ion 
in as far as complete precipitation occurs in comparatively low concentrations 
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Table IX. Precipitation of antigen A by CaCl, and HCl. 


Concentration of hydrochloric acid 
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and absence of precipitation at high concentrations of acid. It is to be observed, 
however, that with still higher concentrations (0-5 N) of hydrochloric acid 
precipitation again occurs and this precipitation is not very much altered by 
the presence of calcium ions in addition to the hydrogen ions. Reference 
may here be made to Fig. 1 of the previous paper. In this it was shown that 
the zone obtained with calcium was not affected even although the hydrogen 
ion concentration was varied over a wide range (py 3-5-10-0). The results now 
given extend these previous observations which were not carried beyond a 
Py of 3-5 and show that the zone of precipitation gradually widens as the py 
decreases until at py, 1-2 complete precipitation of the antigen takes place with 
all concentrations of calcium chloride until a concentration of 0-06 N is reached. 
It appears that the acid does not act in any specific way but that it is similar 
in its effect to an electrolyte containing a bivalent cation. 


III. PRovTectTIvVE ACTION OF ANTIGEN. 


It was thought that some insight might be obtained as to the mechanism 
whereby the peculiar results detailed above are produced by means of experi- 
ments on the protective action of these antigens. Most of the work described 
in this section has been carried out with colloidal gold sol, but some experiments 
have been carried out with gum benzoin, gum mastic and cholesterol sols. 

The following experiments have been carried out with gold sol, to which 
antigens had been added. The mixtures were prepared in two ways; in the 
first (C), the aleoholic extract was added to the gold sol, drop by drop with 
stirring, so that the colloidal condition of the antigen would correspond to 
that in the clear sol (B) described above. In the second method (D), the gold 
sol was added, drop by drop to the antigen with constant stirring, so that in 
this sol the antigen is in the turbid condition (A); 1 cc. of one of these sols 
was added to an equal amount of the salt solution at various concentrations. 
In the following experiment the salt used was calcium chloride, and gold sol 
containing various quantities of antigen was added, the antigen being in the 
fine condition C. The results are given in Table X. 
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Table X. Precipitation of antigen-gold sol C by CaCl: 


Concentration of calcium chloride 


















zi a zi zi i =z zi 
> zz zB 12 nN = 2 2 x nN 

~. a 9 a a 3 3 S S S S 
x = } } } } } } } } } 

) 0 0 0 0 0 0 0 0 0 0 5% C 

) 0 0 0 0 0 0 0 0 0 0 0-5 % C 

0 0 0 1 2 3 3 3 3 0 01% C 

1 1 2 4 4 4 4 4 4 0 0-075 % C 

4) 4 + 4 4 4 4 4 + 4 0 0-05 % C 

6) It will be seen that no protection takes place until the concentration of 
? the antigen is equal to 0-1%. At this concentration antigen precipitation 
does not occur with 0-25 N salt, but occurs with rather smaller concentrations 

3 of salt, and continues to 0-004 N. If the concentration of antigen is increased, 
d precipitation fails to occur over a larger number of tubes until with 0-5 % 
; antigen no precipitation occurs in any tube. 

y A series of experiments was carried out with the coarse antigen-gold sol (D), 
” similar to those with the fine antigen-gold sol (C). The results are shown in 
* Table XI. 

n 

w Table XI. Precipitation of antigen-gold sol D by CaCl. 

a Concentration of calcium chloride 
. . z = = = z z = 
h a oe ie = a on a 
h Ss »o @ = © &$ © $F$ 8 
1 = So o S o o —) o So S 

. CaCl, 1 NV 0 0 0 0 0 0 0 0 0 0 oD 
ir na 0 0 0 0 0 0 ] 0 0 0 0-6 % D 

é ee oe ae Ss 3 3 2 0 05%D 

¥ 1 1 1 1 oe. 2 2 0 04% D 

»” 4 4 + 4 + 4 4 4 + 0 01% D 
On comparing these results with the fine antigen-gold sol (C), it will be 
seen that qualitatively they correspond, but that quantitatively there is the 

1 difference that the fine antigen is more effective in preventing precipitation 






than is the coarse antigen. It has more marked protective power, a result 
which fits in with the fact mentioned above, that the fine antigen itself (B) 
is much more difficult to precipitate with the salts than the coarse antigen (A). 
Table XII shows the results when sodium chloride is used instead of calcium 







Table XII. Precipitation of antigen-gold sols C and D by NaCl. 


Concentration of sodium chloride 





, z zi =z a z zi z 
— a a a a a a oe 
fe an ef ¢ ¢ - = -»* 
_ } } } S } } } } } 
4 + 4 4 4 4 0 0 0 0 0-5 % antigen-gold D 
2 4 4 + 4 4 0 0 0 0 2%, a 
1 3 4 4 + 4 0 0 0 0 2% % 
1 2 4 4 4 4 2 0 o oO a « " 
4 4 4 4 + + 0 0 0 0 Gold sol alone 
4 4 + 4 + 4 0 0 0 0 0-5 % antigen-gold C 
4 4 4 4 4 4 0 0 0 0 1% 9 ” 
og 4 4 4 0 0 0 0 24% = : 
3 4 4 4 4 4 0 0 0 0 5% % 2 
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chloride. The very striking fact is revealed by these experiments that, in 
presence of a suitable quantity of antigen, gold sol is more readily precipitated 
by sodium chloride than by calcium chloride. 

The conclusion is clearly suggested, that in presence of salts some pro- 
tective property of the antigen is produced or enhanced, and that salts 
containing bivalent cations are much more effective in causing this than salts 
containing univalent cations. It will be recalled that in respect to its action 
on the antigen the hydrogen ion behaves like the bivalent ions and that a 
zone effect is obtained with the hydrogen ion just as with the bivalent ions. 
It is therefore of interest to determine the protective power of the antigen 
when hydrochloric acid is used as precipitant. The results of the experiments 
are shown in Table XIII. When these results are compared with those in 
Tables X, XI and XII it is clear that hydrogen chloride is markedly different 
from sodium chloride and is very similar to calcium chloride. The hydrogen 
ion therefore behaves anomalously in the protective, as well as in the preci- 
pitation, experiments. In order to obtain information on the dependence of 
this effect on the specific chemical nature of the ions, and also on the influence 
of the anions, similar experiments were carried out with a series of salts and 
the results are shown in Tables XIII and XIV. 


Table XIII. Precipitation of antigen-gold sol C by HCl. 


Concentration of hydrochloric acid 


; ae ee i * ec Oe 
= a 19 nq = © @ = a 
> % * s$ 8 8s s 8s 8 
; 2 @ = = S S S S S 
_ S So = = > > cn) — = 
0 0 0 0 0 0 0 0 0 0 5%C 
0 0 0 0 0 0 0 0 0 0 1% C 
4 3 3 3 3 2 0 0 0 0 05% C 
Table XIV. Effect of anions on precipitation of antigen-gold sol C. 
Concentration of salt 
— a a oe a ee 
= S se @ = © @ # &@& f 
» &8 & © &:-2 3 © 3 & 
= oS Oo oO oO oO oO = So ° 
NaCl + 4 4 4 4 0 0 0 0 0 5%C 
NaBr 1 1 . ae ee ae ee a 
NaF : ek Bm es S2 Se SOS ‘ 
Nal l 1 Se BO SR res “ 
NaClO, 1 1 2 3 0 0 0 0 0 0 9 
Na,SO, . & 2 a Oh a SS Sele eS ‘ 
NaCl 4 4 + 4 4 0 0 0 0 0 05% C 
NaF a ae ie ae oe, ee ee ee ee is 
NaBr 1 1 3 4 3 ] 0 0 0 0 a 
Nal ~“@ -o 1 a. ss Ss. = 2 se ‘ 
KCl a ae ee ae ee ee ee ie 
KF a oe oo oe or ee a a 
KBr ‘ae Se See ae 1 oe “2 » 
KI a ae oe ee a oe eee ‘ 


It is at once clear that the most important factor in determining the 
protective action of the salt is the valency of the cations; the anion, however, 
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seems to be of some importance. The nature of the cation, apart from its 
valency, does not appear to exert much influence; rather curiously, the nature 
of the anion appears to have a more marked influence. This is shown by the 
different effects of sodium chloride, bromide, iodide and fluoride on sols 
containing 5 % and 0-5 % antigen. In order to make certain of this somewhat 
remarkable result, the above experiment was repeated using the corresponding 
salts of potassium, instead of those of sodium. These results are also included 
in Table XIV. As before, the protection is more marked with the iodide than 
with the others; but the differences are not quite so great as when the sodium 
salts are used. Sodium iodide protects better than does potassium iodide, 
although in the precipitation of a gold sol containing no antigen these salts 
are approximately equal in effectiveness. . 

It has been ascertained by ultramicroscopic observations that the pro- 
tective effect is not brought about as the result of the acquisition by the 
particles of a positive charge. Neither in the case of a coarse antigen alone 
nor in the case of the gold sols containing antigen was any movement of the 
particles observed, when so large a quantity of salt was present that pre- 
cipitation did not occur. 

It is clearly important to ascertain whether this protective action of the 
antigen is exerted on gold sol alone or whether it is as characteristic as the 
protective power exercised by a solution of gelatin which, as is well known, 
protects almost every lyophobic colloid. Sols of gum benzoin, gum mastic and 
cholesterol were therefore prepared and to 90 cc. of the sol 10 cc. of the alcoholic 
antigen were added with constant stirring, the antigen being in the finely 
dispersed condition (B); lec. of each of these sols was added to 1 ce. of 
varying concentrations of calcium chloride solution and the whole left for 
24 hours. The results are given in Table XV. 


Table XV. Precipitation by CaCl, of various sols with antigen B. 


Concentration of calcium chloride 


= @- 2 & SS a. SS jos 
. Ss eS eas eae ec = 
+ 9 oe) eee ae eee, 2 
=x o 6 62-6 2 eo eo & Ss } 
4 + 4 4 4 4 3 0 0 0 0 0 Cholesterol + antigen 
4 + 4 4 4 4 4 4 4 2 0 0 me alone 
4 4 4 4 4 4 3 0 0 0 0 0 Gum mastic + antigen 
4 4 4 4 4 3 0 0 0 0 0 0 es alone 
4 4 + 4 4 4 2 0 0 0 0 0 Gum benzoin + antigen 
4 4 4 4 4 4 2 0 0 0 0 0 so alone 


It will be seen that whereas a very marked protective action is exerted 
by antigen upon gold sol the effect is practically non-existent on gum benzoin, 
very slightly marked on gum mastic and slightly more marked on cholesterol. 
It is clear that the exact conditions existing at the surface of the colloidal 
particles are of great importance. In the case of cholesterol either a definite 
protective film is not formed or, because of the disturbing effects of the 
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cholesterol surface, the protective properties of the film are interfered with. 
This might occur as the result of an unusual orientation of the molecules 
constituting the film. 

The general trend of these experiments is to emphasise the importance of 
the constitution of the surface layers surrounding the colloidal particles. In 
the case of the coarse antigen it was found that the material precipitated by 
small quantities of calcium chloride is readily redispersed when stirred up with 
distilled water, and the resulting suspension, when made up to a volume equal 
to that of the antigen from which the material was originally precipitated, is 
considerably coarser than was the antigen. It is now found that this coarse 
suspension, when added to a series of dilutions of calcium chloride, exhibits 
a zone of precipitation which is even more sharply defined than in the case of 
the original coarse antigen. This experiment at first sight seems to indicate 
that a film of protective material must have surrounded the particles when 
first precipitated by calcium chloride. It is, however, possible that the larger 
particles which are precipitated contain enclosed within them quantities of 
protective material and that this diffuses out when the precipitate is suspended 
in water. 

It is evident that this question can be settled only when further work 
has been carried out and indeed the explanation of the phenomena described 
in this paper does not at present appear to be at all simple. The existence of 
protection in presence of sufficient quantities of electrolytes and its absence 
when the amount of electrolytes is less but still sufficient to neutralise the 
charge on the colloidal particles has been definitely demonstrated. It is also 
clear that the physical nature of the colloidal antigen is of considerable 
importance in determining the results in a quantitative sense. Though it seems 
clear that the zone phenomenon observed with the antigen alone is closely 
related to the protective effects upon gold sol and other colloids, there are 
certain peculiar results such as the fact that the antigen itself is practically 
unaffected by sodium chloride, although sodium chloride is but slightly active 
in calling forth the protective action of the antigen upon gold sol. Such 
results indicate the very complex behaviour of the materials commonly used 
in routine serological tests. 


IV. SoME PROPERTIES OF LECITHIN SOLS. 


From the method of preparation of the antigen it is likely to contain much 
of the lecithin present in the original heart tissue. It is therefore of interest 
to ascertain to what extent the properties of the sols described above are 
similar to those of a lecithin sol prepared in a similar way. Some of the 
properties of lecithin sols have already been described by Kakiuchi [1922] 
and by Rona and Deutsch [1926]. Kakiuchi finds that lecithin suspensions 
are not precipitated by salts with univalent cations and that with salts 
with bi- or ter-valent cations they show a zone effect. 
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Rona and Deutsch find that the antagonistic effects of the various cations 
are well marked although Kakiuchi considers that the inhibiting action of the 
anions has more effect than the antagonising effect of the cations. We have 
carried out a number of experiments with a commercial lecithin preparation 
under conditions parallel to the experiments described above with the Wasser- 
mann antigen so that a direct comparison could be made between the two sols. 
Some of these are described below. 

It may be stated here that in some respects, e.g. the precipitation of the 
colloidal solutions by salts, there is very considerable similarity but that the 
lecithin sol appears to have less protective action than the antigen. 

In these experiments Merck’s lecithin was used. An alcoholic solution was 
prepared by dissolving 0-5 g. in 100 cc. alcohol. It was first of all ascertained 
that, as in the case of the antigen, the properties of the sol made by mixing 
10 ce. of the alcoholic solution with 90 cc. water depend very much on the 
method of mixing. A coarse or fine sol could be prepared at will by adding the 
alcoholic solution to water or by adding the water slowly to the alcoholic 
solution. The results given in Table XVI indicate the general effects of these 
sols. 


Table XVI. Precipitation of lecithin by salts. 


Concentration of salt 


0-002 NV 


- 0-031 NV 
»& 0-016 V 


CaCl, 
MgCl, 
NaCl 


or 0:008 V 


coo 0:004 NV 


zi Si 

K a 8 
0 Loa) Oo 
o ° So 
2 0 0 
3 4 4 

2 0 0 


oS 
~ 
S 
° 


The result of a typical experiment showing the action of mixtures of salts 
on lecithin is given in Table XVII. 


Table XVII. Precipitation of lecithin by LiCl and CaCl,. 


Concentration of lithium chloride 
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0-25 N 
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These tables may be compared with Tables I-VIII and it will be seen that 
although the similarity is marked, the appearance of the extra zone of pre- 
cipitation with calcium chloride alone may be noted. This effect seems to be a 
real one: it has been obtained several times but the factors causing it have 
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not so far been analysed, but it may be recalled that a similar phenomenon was 
observed with antigen when hydrogen chloride was used. It may be said, 
however, in general terms that the tendency towards complete precipitation 
is more marked in the case of the lecithin sol than in the case of the antigen 
in the sense that precipitation takes place over a wider range of concentration; 
but on the other hand it should be mentioned that in many tubes in which 
precipitation of the lecithin occurs, sedimentation takes place slowly, so that 
satisfactory readings cannot be obtained at the end of 24 hours. The above 
readings were all made after the tubes had been left for more than 48 hours. 


Table XVIII. Precipitation of lecithin-gold sol by salts. 


Concentration of salt 


_~ & & & & eS oo 

> SI ow aooow yx 2 = = 

=> wo RRS SS SESESES SB 

“a 6 6-8 © © © © © 8 © 5 

CaClL 4 4 4 4 4 4 4 4 4 4 3 #O Finelecithin 5% in gold sol 

_ : ee ee ee ee ee ee ee, ke ee ee ee ee i s 5% es 
Cal, 3 1144 4 4 «44 «4 «0 «@ ie » ws a 
ma 4 4 4 4 OD OOD. OO ss » 10% is 
CaCl, 3 4 44 4 4 4 #4f 4t 44 4 O- O. Coarse lecithin 10% on 
eo i a So ie ee ee eo a er ee ee ns » 10% 7s 


Note. In 5th row the lecithin is only precipitated in tubes marked {. 


It is to be expected from the above results that lecithin sol will exert a 
protective action in a considerably weaker degree than an antigen. The results 
of experiments on this point are given in Table XVIII. It will be seen that 
even in the presence of 10 % of the fine lecithin only a very slight protective 
action shows itself in the presence of considerable concentrations of calcium 
chloride. With sodium chloride no protection takes place. It appears, then, 
that the constituents of the lecithin sol are unable to form a protective film 
round the gold, or at most can do so only with great difficulty. This is em- 
phasised by the experiments in which the lecithin-gold sol was prepared so 
that the lecithin was in the coarse condition. Both the gold and lecithin are 
precipitated in certain tubes but the gold is precipitated in the blue condition. 

It may be concluded from the above experiments that in commercial 
lecithin there is a substance which possesses, in a small degree, protective 
power in presence of electrolytes but either is present in small amounts or 
shows very much less tendency to be adsorbed on the surface of colloidal 
particles than does the corresponding substance in the antigen. 

Whether pure lecithin is quite devoid of protective power or whether sols 
of pure lecithin will not show a zone phenomenon under any conditions it is 
hoped to investigate in a continuation of the present researches. 
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DIScussION. 


The above results seem to be unique in demonstrating, in the extracts of 
heart used for the preparation of Wassermann antigens, the existence of a 
substance, the protective effect of which cannot be detected in the absence 
of salts but which exerts a marked protective effect in the presence of con- 
siderable quantities of bivalent cations. We have not so far examined the 
action of tervalent cations on the colloidal solutions employed above, since, 
as is well known, anomalous precipitation effects are observed with tervalent 
cations even with simple colloids such as gold sol, and it seems desirable at 
this stage to limit the investigation to salts of uni- and bi-valent cations 
which behave normally with simple colloidal solutions. The results now 
obtained make less peculiar the observations recorded in the previous paper 
that gelatin cations (pq below 4-7) in very small concentration are able to 
effect precipitation of the antigen whereas sodium chloride is quite unable to 
do so. This at first sight appears a remarkable result, but gelatin is normally 
a colloid with high protective properties whereas sodium chloride does not 
effect protection in the case of ordinary colloidal solutions. This result is now 
seen to depend on the fact that the protective action of the antigen is exhibited 
in the presence of sodium ions at a concentration insufficiently great to cause 
precipitation, whereas gelatin is able to effect precipitation at extraordinarily 
small concentrations and so neither the gelatin nor the antigen restrains the 
flocculation of the particles. Another curious result is that a gold sol containing 
antigen may be prepared which is readily precipitated by sodium chloride 
over a wide range of concentrations but shows very little or no precipita- 
tion by calcium chloride. We are so far unable to offer any explanation 
of the mechanism whereby this protection in presence of salts is effected, nor 
have we any evidence as to the chemical nature of the substance responsible 
except that it is stable to heat and mild oxidation and is probably not lecithin. 
Experiments on these points are being continued. 

The question of course suggests itself whether this protective substance 
plays a part in the Wassermann reaction. It is clear that its presence has a 
marked influence on the properties at the surface of the colloidal particles at 
which complement is presumably fixed when the Wassermann reaction is 
positive. It is well known however that the efficiency of a colloidal solution 
such as a Wassermann antigen does not depend solely on its chemical con- 
stitution but to a very marked degree on its physical properties. It has been 
frequently observed that coarse antigens tend to be more effective than fine 
ones. This fact is exemplified in a striking manner by antigens A and B 
described above which are identical chemically but of which A is a strong 
Wassermann antigen whilst B is quite inactive. We are therefore elaborating 
a method whereby active substances can be detached in spite of the fact that 
they do not give rise to the necessary physical conditions and it is hoped that 
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it will then be possible to discover the relation between the antigenic properties 
on the one hand, and the protective powers on the other. 

Finally it may be pointed out that these substances are obtained from 
animal tissue and that fuller understanding of the properties may help in 
some measure to elucidate the physico-chemical equilibrium existing in the 
animal cells. It is for this reason as well as because of high practical importance 
that it seems justifiable to attempt to explore the colloidal properties of 
mixtures so complex as Wassermann antigens which are the subject of this 


paper. 
SUMMARY. 


1. The effect of variations in the method of preparation of a Wassermann 
antigen on its properties have been investigated and standard methods of 
preparing (1) turbid, and (2) clear antigens have been evolved. 

2. The observation previously made that a Wassermann antigen is pre- 
cipitated by small quantities of calcium chloride but not by large quantities 
has been extended and it is shown that a similar effect with salts of other 
bivalent cations is obtained whilst the salts of univalent cations, with the 
exception of the hydrogen ion, do not cause complete precipitation at any 
concentration. The hydrogen ion however acts like the bivalent cations. 

3. Many observations have been recorded of the action of mixtures of two 
of the four salts, lithium chloride, sodium chloride, magnesium chloride and 
calcium chloride on the precipitation of the antigen A. In general the presence 
of a sufficient quantity of another salt, whether of a nuivalent or bivalent 
cation, to a salt (with a divalent cation) present in concentration sufficient 
to cause precipitation if it were alone tends to prevent precipitation. Similar 
experiments in which hydrogen chloride was used as one of the salts, demon- 
strate the similarity of the hydrogen ion to the bivalent cation. 

4. The protective effect of antigens both clear and turbid has been investi- 
gated, using gold sol. It is found that the protective effect is excited by the 
presence of salts but especially by salts with bivalent cations or hydrogen ions 
much more than with salts of the other univalent cations. The hydrogen ion 
behaves like a bivalent cation. The fine antigen B exhibits rather greater 
protective power than the turbid antigen A. The protective power of the 
antigen has also been determined using cholesterol, gum mastic or gum 
benzoin sol; it is most marked in the first and least in the last. 

5. Analogous experiments have been made with sols of commercial 
lecithin and it was found that these possess, only in small degree, the peculiar 
properties of the Wassermann antigens. 


REFERENCES. 


Kakiuchi (1922). J. Biochem. (Japan), 1, 165. 
Kermack and MacCallum (1924). Biochem. J. 18, 1381. 
Northrop and Cullen (1922). J. Gen. Physiol. 4, 635. 
Rona and Deutsch (1926). Biochem. Z. 171, 89. 
Wright and Kermack (1923). Biochem. J. 17, 658. 








eS 


e 
s 
oO 
r 
e 
a 





CV. DILATOMETRIC STUDIES IN ENZYME 
ACTION. 


By MOTNAHALLI SREENIVASAYA 
AND BALLAPINNI NANJUNDA SASTRI. 


From the Department of Biochemistry, Indian Institute of Science, Bangalore. 
(Received August 8th, 1929.) 


Tue changes in volume accompanying enzyme actions are measurable and 
can therefore be studied with the aid of a dilatometer. Koelichen [1901] 
utilised the volume change to determine the velocity of decomposition of 
acetonyl alcohol in presence of sodium hydroxide. Benrath [1909] has made 
a study of the density changes of reacting liquid systems such as the inversion 
of sucrose and formation and hydrolysis of esters. Van’t Hoff [1910] extended 
its application to a study of the enzymic synthesis of glucosides. Galeotti 
[1911] investigated dilatometrically the inversion of sucrose, the saponification 
of ethyl acetate, and the hydrolysis of starch, peptone and proteins by acids 
and in some cases by enzymes. Later [1912] he studied the conditions of 
synthesis of esters and fats brought about by pancreatic extract, employing 
the dilatometer. In spite of the lead given by the above authors the dilato- 
meter does not appear to have been extensively employed in the investigation 
of enzymes, in spite of its simplicity and manipulative elegance and the ac- 
curacy of the results that can be attained. 


THE DILATOMETER. 


The instrument consists essentially of a bulb nearly 50 cc. in capacity. 
To one end is fused a tap, whilst the other end is connected to a capillary. 
The whole is bent into a U-form (see Fig. 1 (a)) the capillary-bearing bulb and 
the tap forming the two arms. Several such dilatometers can be used simul- 
taneously by fixing them all by means of their capillaries to a suitable clamp 
(Fig. 1 (6)). A common scale, fixed behind the set of capillaries, allows the easy 
reading of the meniscus. 

Agitation of the reaction mixture which is necessary in the case of insoluble 
enzymes like lipase, may be carried out by introducing a few glass beads into 
the bulb, before fusing on the tap, and mechanically shaking the dilatometer. 
A more elegant method is to introduce into the bulb a platinum-plated stirrer 
which can be worked electro-magnetically. 
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Fig. 1. 


EXPERIMENTAL.’ 


The dilatometer is thoroughly washed successively with alcoholic potassium 
hydroxide, chromic acid, distilled water, alcohol and finally with ether, and 
then dried. The taps are carefully greased and a small reservoir of about 
75 ec. capacity is attached to the tap end of the instrument by means of 
pressure tubing. By opening the tap and applying gentle suction at the 
capillary end, filling can be smoothly effected without the introduction of air 
bubbles. 

The operation is carried out with the dilatometer and the reaction mixture 
completely immersed in the thermostat. Filling takes less than 5 minutes 
and the first reading can easily be recorded within that period. The tempera- 
ture variation of the thermostat employed was + 0-001° and a control 
dilatometer which was always used served as an effective indicator of the 
constancy of the temperature maintained throughout the experiment. 

The capacity of each of the dilatometers employed was determined and 
the capillaries were carefully calibrated in the usual way. A dilatometric 
study of the following enzyme reactions was carried out: taka-diastase on 
starch, invertase on sucrose, emulsin on salicin, tannase on methyl gallate and 
amidase on asparagine. In the case of diastase, the method has been extended 
to a study of the influence of salts and also to a determination of the rate of 
liquefaction. Every one of the dilatometrically investigated reactions has 
been simultaneously followed by an entirely independent method to establish 
the accuracy of the method. 
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Table I. Hydrolysis of starch by taka-diastase. 


Materials: Lintner’s soluble starch, 5 % solution; taka-diastase (Parke Davis), 1 % solution. 
Mixture employed: 200 ce. starch solution + 5 cc. enzyme. 


Temperature of thermostat: 30-0°. 
Dilatometer readings, mm. 


|! Maltose value 
Time Control Experimental ec. KMn0, 
30 mins. 108 122-5 4:50 
45 ,, 108 118-5 5-90 
oe a 108 111-5 7-30 
% . 108 105-0 9-35 
iZ2 108 96-5 11-65 
220 ,, 108 80-5 15-80 
295 ,, 108 69-5 18-20 
364 ,, 108 61-5 25-55 
24 hrs. 108 13-0 29-50 
30 ,, 108 8-0 31-40 
10 cc. of the reaction mixture were employed each time for Bertrand’s estimation of maltose. 
Strength of KMnO,: 1 cc.=10 mg. Cu (see Fig. 2). 7 
Dilatometric method Bertrand’s method 
S54 130 
> il - 
& . 
ga e100 
j 8 36 co 
a ow 5 @ 
_ 
5 24 e 0 
um 3 3S 
3 18 3 
ind a S 40 
3 19 = 
out g 
a 6 20 
of 3 
= 
the 60 120 180 240° 300 360 390: 60 120 180 240 300 360 
air Time in minutes Time in minutes 
Fig. 2. Hydrolysis of starch by taka-diastase. 
ure ss i 
nid Table II. Action of invertase on sucrose. 
Materials: sucrose solution, rotation +5°; invertase, activity —3-45°*. 
asi Solutions employed: 300 cc. sucrose solution +3 cc. enzyme; 300 ce. sucrose solution +3 ce. boiled 
rol enzyme. 
h Temperature of thermostat: 30-0°. 
Me Dilatometer readings, mm. 
eR ee Polarimetric 
Time Control Experimental readings 
nid 9 mins. 385 232-5 4-50° 
ric 1s: |; 385 252-5 4-00° 
es 385 283-0 3-51° 
on s 385 308-0 3-02° 
nd a 385 324-0 = 
’ 49 ,, 385 339-0 1-93° 
ed 65 ,, 385 378-5 — 
f 7S 5s 385 411-0 0-95° 
. 91 ,, 385 441-0 — 
as = 385 469-0 0-51° 
— 385 490-2 — 
sh 120 ,, 385 500-0 0-04° 


* The fall in rotation brought about by unit volume (1 cc.) of the enzyme acting on 20 cc. 
of a 10 % solution of sucrose at 25° for 30 mins., measures the activity of the enzyme preparation 


[Sastri and Norris, 1928}. 
The two curves are superimposable (Fig. 3). 


62—2 





M. SREENIVASAYA AND B. N. SASTRI 


Dilatometric method Polarimetric method 


nD nm 
ss 


> 
= 
co 


nm 


s 


Fall in rotation (degrees) 


Fall in dilatometric column, mm. 
= SS 


0 2 40 60 8 100 110 0 20 40 60 80 100110 
Time in minutes Time in minutes 


Fig. 3. Hydrolysis of sucrose by invertase. 


Table III. Action of emulsin on salicin. 


Materials: 1 % salicin solution (Kahlbaum’s); 0-5 g. enzyme (B.D.H.) in 10 cc. water. 
Solutions employed: experimental, 175 cc. salicin solution+5cc. enzyme; control, 175 cc. 
salicin solution +5 cc. boiled enzyme. 
Temperature of thermostat: 30-0°. 
Dilatometer readings, mm. 
KMn0, 
Time Control Experimental ce. 
22 mins. 214 406 ~~ 
34 C,, 214 392-5 — 
75 214 363 14-55 
94 214 354-5 — 
120 214 347 17-20 
155 214 340 
157 214 - 
207 214 334 
213 =Cy 214 19-70 
267 , 214 330 — 
273 =, 214 — 20-00 
332 214 325 
387 214 


18-50 


— 20-10 
392 214 324-5 — 
The two curves are superimposable (Fig. 4). 


Dilatometric method Bertrand’s method 


85, 
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31-5 
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18-0 
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9-0 
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Copper, mg. 


Fall in dilatometric column, mm, 


60 120 180 240 300 360 390 60 120 180 240 300 360 
Time in minutes Time in minutes 


Fig. 4. Hydrolysis of salicin by emulsin. 
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Table IV. Action of “cholam” amylase on starch paste. 


Materials: 1 % starch paste (Kahlbaum’s potato starch); 1 % enzyme solution. 
Solutions employed: experimental, 400 cc. starch paste +16 cc. enzyme; control, 100 cc. starch 
paste +4 cc. boiled enzyme. 
Temperature of thermostat: 30-0°. 
Dilatometer readings, mm. Viscometer 
ee readings. 
Time Control Experimental Time in secs, 
12 mins. 206 285-0 _— 
ae “as 206 285-5 — 
45 206 — 118-0 
47 206 287-0 
72 206 288-5 
75 206 _ 
105_,, 206 292-1 
110 206 — 
185 206 = 
260 206 299-0 
265 206 -- 
320 206 299-5 
440 206 303-0 
720 206 307-5 


(See Fig. 5.) 


Dilatometric method Viscometric method 
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Fig. 5. Liquefaction of starch paste by “‘cholam” amylase. 


Table V. Hydrolysis of methyl gallate by tannase. 


Materials: 0-541 % solution of methyl gallate; enzyme extract, 10 g. mould in 150 cc. water. 
Solution employed: experimental, 80 cc. methyl gallate solution + 20 cc. enzyme extract; control, 
80 cc. methyl gallate solution +20 cc. boiled extract. 


Temperature of thermostat: 33-0°. 
Dilatometer readings, mm. Electrometric 
titration 


-—__o'"-—__ 
Time Control Experimental cc. N/40 NaOH 
hrs. 201 202-5 0-975 
201 199-5 
201 195-5 
201 — 
201 192-3 
201 187-5 
201 184-5 
201 — 
201 183-3 
201 183-2 
201 a 


(See Fig. 6.) 
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N/40 sodium hydroxide, cc. 


Electrometric method 


1-625, 
+575 


+475 
1-375 
1-275 
1175 


1-075 


4 8 12 16 2 24 28 


Time in hours 


Fig. 6. Hydrolysis of methyl gallate by tannase. 


Table VI. Influence of salts on enzyme action. 


Solutions employed: experimental, 200 cc. of 2 % soluble starch 


10 cc. of 1 % taka-diastase \ in 250 ce. 
10 cc. of M/5 potassium nitrate 


control, without salt. 


Dilatometer readings, mm. 


on 
Time Control 
22 mins. 415-0 
a em 407-5 
es +> 402-0 
10 396-0 
105 ,, 391-5 
145 ,, 388-5 
185 ,, 387-5 
20 w — 
260 ,, 384-0 
265 ,, — 
340 ,, ne 
385 ,. 381-5 
19-5 hrs. 363-5 


(See Fig. 7.) 


Fall in dilatometric column, mm. 


Experimental 
405-0 
391-0 
384-0 
378-5 
374-0 
370-0 


367-5 


366-0 
365-0 


356-0 





60. 120 180 240 300 360 


Time in minutes 


Fig. 7. Influence of potassium nitrate on the hydrolysis of starch by taka-diastase 
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DIsScussION. 


A study of the tables and graphs demonstrates the closeness of the results 
obtained by the dilatometer and the methods generally adopted. In many 
cases, the dilatometric method has proved more satisfactory and less tedious. 
The estimation of sugars resulting during enzyme hydrolysis or the electro- 
metric titration of acidities produced during the hydrolysis of methyl gallate 
and other esters is certainly more cumbersome and tedious than taking readings 
of the dilatometer at intervals. 

The influence of salts like potassium nitrate on diastase has been studied. 
The study is being extended to other ions and colloids such as agar-agar, 
silicic acid, ete. 

Limitations of the method. In cases where the volume change is not pro- 
nounced the method offers no special advantage over other methods. Again, 
the instrument cannot be employed in a study of enzyme reactions which 
involve the liberation of gases. In the course of an investigation of a pre- 
paration of amidase from Aspergillus niger on asparagine, no volume change 
was noticeable. The ammonia liberated during the enzymic cleavage of amides 
dissolves in the reaction mixture producing an increase in volume which is 
opposed to the fal! due to hydrolysis. In such cases, accompanied by opposing 
changes of volume, this method is inapplicable. 


SUMMARY. 


1. A convenient form of dilatometer for the study of enzyme action is 
described. 

2. The. hydrolytic action of diastase, invertase, emulsin, amidase and 
tannase on their respective substrates has been studied. 

3. Limitations of the method are discussed. 


Our thanks are due to Mr V. N. Patwardhan, for supplying us with a 
preparation of “cholam” amylase, and to Mr P. D. Dalvi for making a dilato- 
metric study of tannase. 
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CVI. THE INDOPHENOL REACTION IN 
BIOLOGICAL OXIDATIONS. 


By DOUGLAS CREESE HARRISON. 
From the Department of Pharmacology, Sheffield University. 


(Received August 8th, 1929.) 


Durine the course of experiments to be published shortly, on the effect of 
thyroid on tissue oxidations, it was found that a marked increase in the 
indophenol reaction given by the tissues of rats was brought about by feeding 
thyroid. The interpretation of this result is rendered difficult, since the factors 
concerned in the indophenol reaction are as yet only partially understood. 
The experiments described in this paper were designed to throw some light 
on the mechanism of this reaction. One of the chief objections to using the 
indophenol reaction as a measure of oxidation processes in tissues is the fact 
observed by Vernon [1911] and by Battelli and Stern [1912] that the reaction 
may be greatly inhibited by reducing systems in the tissues. The latter workers 
point out that a rapidly oxidising tissue such as liver may give a relatively feeble 
indophenol reaction. The reaction has hitherto been regarded by most workers 
as being brought about by an enzyme which functions as an oxygen activator. 

The reagents usually employed in testing for this oxidase are either 
p-phenylenediamine, which becomes oxidised to a purple derivative of the 
corresponding di-imino-compound, or the so-called Nadi reagent consisting 
of an equimolecular mixture of dimethyl-p-phenylenediamine and a-naphthol. 
With the latter reagent, indophenol blue is formed according to the following 
reaction: 


(CH,).N< »NH,+<~ OH +20-(CH;).NC  )-N “Se 0 +2H,0. 


It has long been known that the indophenol reaction is readily given by 
hydrogen peroxide in presence of peroxidase, and it occurred to the writer 
that the indophenol reaction in tissues might be due, at least in part, to 
secondary oxidation in presence of peroxidase by hydrogen peroxide formed 
during the oxidation of other oxidising systems. It would be of considerable 
interest if hydrogen peroxide formed during the oxidation of other oxidising 
systems could be shown to bring about the formation of indophenol blue, 
since it would follow that the indophenol reaction is not necessarily induced 
by a specific enzyme, and further that the reaction is not a criterion for the 
activation of oxygen. Secondary oxidations by such a mechanism have been 
studied by Thurlow [1925] and Harrison and Thurlow [1926], and it has been 
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shown that the secondary oxidation of such substances as nitrites, lactic acid 
and £-hydroxybutyric acid can be induced by hydrogen peroxide formed 
during the aerobic oxidation of such a system as xanthine oxidase plus 
hypoxanthine. In order to test this possibility, the Nadi reagent was sub- 
stituted in place of nitrites, lactic acid, etc., to see whether secondary oxidation 
resulting in the formation of indophenol blue took place in presence of per- 
oxidase during the oxidation of such a primary oxidising system as xanthine 
oxidase plus hypoxanthine. 

In the experiments described in the present paper, the Nadi reagent used 
contained dimethyl-p-phenylenediamine hydrochloride and a-naphthol each 
in final concentration of M/200, sufficient sodium carbonate being present to 
neutralise the mixture. The dimethyl-p-phenylenediamine hydrochloride 
solution was prepared freshly before each experiment, and the solutions were 
not mixed until immediately before use. This precaution is necessary since 
the reagent oxidises slowly on standing in air, being catalysed by traces of 
metal impurities [Wertheimer, 1925]. Unless otherwise stated, the a-naphthol 
was dissolved in alcohol, giving a concentration of 19% alcohol in the 
mixed reagent. In a few experiments where it seemed possible that the 
presence of alcohol might inhibit the activity of the enzyme solutions 
employed, an aqueous Nadi reagent consisting of 3 vols. of neutralised 
M/120 dimethyl-p-phenylenediamine and 2 vols. of a saturated aqueous 
solution of a-naphthol was employed. The aqueous solution of a-naphthol was 
prepared by boiling excess of the latter with distilled water, cooling and 
filtering, and contained sufficient a-naphthol to allow the development of a 
powerful indophenol reaction. The hypoxanthine used in all experiments was 
dissolved in the minimum amount of sodium hydroxide and carefully 
neutralised immediately before using. 

Exp. 1. Fresh milk was treated with rennin, the whey being separated 
by straining through muslin and centrifuging. The resulting clear liquid 
contains xanthine oxidase together with milk peroxidase [Thurlow, 1925]. 
In a preliminary experiment, 1 cc. whey plus 1 cc. aqueous Nadi reagent 
plus 0-1 cc. (= 0-1 mg.) hypoxanthine in a vacuum tube decolorised 0-5 cc. 
methylene blue (1 in 5000) in 6 min. at room temperature, showing that 
xanthine oxidase is not inactivated by the aqueous Nadi reagent. 

10 ce. of the whey were put into each of two small conical flasks A and B 
together with 5 cc. of the aqueous Nadi reagent. To flask B was added 0-15 cc. 
(= 1 mg.) of neutralised hypoxanthine, and to the control flask A 0-15 cc. 
water. The flasks were then aerated slowly at room temperature. The solution 
in flask B rapidly gave a positive indophenol reaction and after half an hour 
was deep purple, while the control A containing no hypoxanthine was almost 
colourless. After 2 hours B was very deeply coloured, while A was just 
faintly purple, the colour in the latter solution being due to a slight spon- 
taneous oxidation of the reagent. The experiment was repeated a number of 
times using other preparations of whey, and similar results were always 
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obtained. (It was later found that the precaution of using aqueous Nadi 
reagent in this experiment was unnecessary. Similar results were obtained — 
using the ordinary alcoholic Nadi reagent.) It is clear, therefore, that the 
hypoxanthine during its oxidation has induced the oxidation of the Nadi 
reagent giving a positive indophenol reaction. 

Exp. 2. This experiment was the same as Exp. 1, except that there were 
two additional flasks C and D with and without hypoxanthine (Hx) respectively, 
each containing 0-3 cc. M/20 KCN (neutralised with HCl), making a final 
concentration of approximately M/1000 KCN. Flasks B and A with and 
without hypoxanthine respectively each received 0-3 cc. distilled water instead 
of KCN. The flasks C and D containing KCN were placed next to the vacuum 
pump to avoid the possibility of carrying over any HCN into A and B. After 
aeration for 15 min. the indophenol reaction in each flask was as follows: 


Indophenol blue 
Whey + 
Whey + Hx pe ae ae 
Whey + KCN <+ 
Whey + KCN + Hx +++ 

Solution B was slightly more deeply coloured than D owing to the additional 
effect in B of the spontaneous oxidation of the reagents shown in A which in 
D is almost suppressed by the KCN as shown in the control C. It is evident, 
then, that the formation of indophenol blue induced during the oxidation of 
hypoxanthine is not appreciably inhibited by M/1000 KCN. Using this 
particular system, such a result would be expected on the mechanism of 
indophenol blue formation outlined above, since it has been shown by Dixon 
and Thurlow [1925] that, unlike that of many other oxidising systems, the 
oxidation of hypoxanthine in presence of xanthine oxidase is not inhibited by 
cyanide, and I found in preliminary experiments that milk peroxidase with 
hydrogen peroxide oxidises p-phenylenediamine even in presence of KCN. 

It was next desirable to show that the induced formation of indophenol 
blue is dependent upon the presence of peroxidase. That such would prove 
to be the case was rendered highly probable in view of the very rapid oxidation 
of the Nadi reagent by hydrogen peroxide which takes place on the addition 
of a small amount of peroxidase. Considerable difficulty was encountered, 
however, in investigating this point owing to the extreme sensitivity of a 
mixture of Nadi reagent and hydrogen peroxide to traces of peroxidase. 
Thurlow [1925] separated xanthine oxidase from peroxidase in milk by pre- 
cipitating the former with half-saturated ammonium sulphate. With a single 
precipitation of xanthine oxidase from whey I found, however, that the traces 
of peroxidase which remained adhering to the precipitate were sufficient to 
give a positive reaction with the very sensitive Nadi reagent, and, in the 
repeated washing and reprecipitation found to be necessary, a considerable 
proportion of the activity of the xanthine oxidase was lost. The method finally 
adopted was as follows. Two quarts of fresh milk were coagulated with rennin 
and the whey was half saturated with ammonium sulphate. The precipitate 








di 
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which collected at the top was separated by syphoning off the clear liquid and 
was washed by stirring in 2 litres of half-saturated ammonium sulphate. This 
washing was repeated four times, the clear washings being syphoned off each 
time. The precipitate was dissolved in a litre of water and reprecipitated by 
the addition of an equal volume of saturated ammonium sulphate. The 
precipitate was again washed twice with 2 litres of half-saturated ammonium 
sulphate, after which it was partially dried, by squeezing on filter paper, and 
ground up with 100 cc. of freshly distilled ether to remove fat. The ether was 
poured off and after squeezing on filter paper the product was dried in vacuo. 
The product was dissolved in 24 cc. phosphate buffer before use, the final 
Py being 6-6. 

Exp. 3. Four flasks, A, B, C, D, each received 5 cc. of this xanthine 
oxidase solution. The faintly acid reaction of the phosphate buffer serves to 
inhibit the spontaneous oxidation of the Nadi reagent [Wertheimer, 1925]. 
5 ec. of dilute milk peroxidase (prepared by the method described by Thurlow 
[1925]) dissolved in water and brought to pq 6-6 were added to C and D, 
whilst A and B received 5 cc. of distilled water. The use of dilute peroxidase 
is desirable since strong solutions of milk peroxidase were found to increase 
the spontaneous oxidation of the Nadi reagent, probably owing to their 
content of catalytic metals. 0-1 cc. (= 1 mg.) of neutralised hypoxanthine 
(Hx) was added to B and to D, while A and C received 0-1 cc. water. Finally, 
2 cc. of aqueous Nadi reagent were added to all four flasks and the solutions 
were slowly aerated at room temperature. 


Indophenol reaction 


—_— TA 

After After After 

4 min. 10 min. 20 min. 
A Xanthine oxidase - - >+ 
B Xanthine oxidase + Hx - >+ ++ 
Cc Xanthine oxidase + peroxidase - - >+ 
D Xanthine oxidase + Hx + peroxidase + ++ ee 


It will be seen that xanthine oxidase plus hypoxanthine induces some 
formation of indophenol blue in the absence of added peroxidase but that, 
on the addition of peroxidase, this induced oxidation becomes much greater. 
It was found on testing the xanthine oxidase preparation with hydrogen 
peroxide plus Nadi reagent that a small amount of peroxidase was still present 
in spite of the prolonged attempt at purification. It is probable, therefore, 
that this peroxidase impurity accounts for the induced formation of indophenol 
blue in solution B, and we may conclude from the experiment that peroxidase 
plays a part in the secondary oxidation of the Nadi reagent by hypoxanthine 
oxidising in presence of xanthine oxidase. The very faint development 
of colour in the controls A and C is, of course, due to spontaneous oxidation 
of the reagent. 

In parenthesis, it may be remarked that a faint rose-purple colour was 
observed immediately on adding the Nadi reagent to solutions of milk per- 
oxidase. It is tentatively suggested that this is due to the presence in the 
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peroxidase of a peroxide, which, by alternately losing oxygen to an oxidisable 
substance and being reconstituted by hydrogen peroxide, forms the active 
catalyst in peroxidases. 

Ezxp.4. Asimilar experiment was then carried out using hypoxanthine with 
xanthine oxidase in a liver suspension as the primary oxidising system. The 
liver suspension was prepared by the method of Morgan [1926], cat liver 
being ground up with sand in 2-3 volumes of aqueous 2 % sodium fluoride 
and pressed through muslin. The suspension was allowed to stand for several 
days at room temperature to allow the oxidising systems of the tissue to become 
exhausted. It was found that the suspension was still capable of oxidising the 
Nadi reagent without further addition; consequently, in investigating the 
effect of adding hypoxanthine to the suspension, dilute cyanide was added to 
inhibit this residual oxidation. 

Four flasks, A, A’, B, B’, each contained 5 cc. of liver suspension together 
with 1-95 cc. phosphate buffer of py 7-6 and 0-25 cc. M/20 KCN (neutralised). 
To flasks B and B’ was added 0-3 cc. (= 3 mg.) hypoxanthine, an equal 
amount of water being added to the duplicate controls A and A’. Finally, 
2-5 ec. fresh alcoholic Nadi reagent were added to all flasks, which were then 
closed with rubber stoppers and shaken at 37° for 2-5 hours. At the end of 
this time, 17-5 cc. of absolute alcohol were added to each flask, the solutions 
being then shaken and allowed to stand for 15 minutes to allow the indophenol 
blue to dissolve. The addition of alcohol serves to stop further oxidation and 
renders possible the removal of indophenol blue from the suspension. The 
solutions were then filtered and the amount of colour in the filtrates compared. 


Indophenol reaction 


A Liver xanthine oxidase + KCN + 
A . > ”> ”? + 
B Liver xanthine oxidase + KCN +Hx +++ 
B 9 9 9%» +++ 


The colour produced in this experiment was a greenish-blue, unlike the 
colour given in the typical indophenol reaction. This may be due to the 
presence of some colouring matter from the tissue. The colour developed in 
the duplicate experimental flasks, however, was much more intense than that 
in the duplicate controls, so that there can be no doubt that the addition of 
hypoxanthine resulted in the occurrence of secondary oxidation and this in 
spite of the presence of considerable quantities of catalase in the liver sus- 
pension. The addition of peroxidase from milk or from horse-radish to the 
liver suspension plus hypoxanthine did not bring about an increased indo- 
phenol reaction, but tests with hydrogen peroxide showed that the liver 
suspension already contained a peroxidase capable of bringing about the 
oxidation of Nadi reagent even in the presence of cyanide. 

While using the liver suspensions as a source of xanthine oxidase, it was 
observed that the enzyme was soluble in the sodium fluoride solution used as 
the suspension liquid. Further experiments showed that xanthine oxidase 
can be extracted equally well from liver by means of water. Bernheim and 
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Dixon [1928] mentioned that a solution of the enzyme together with a nitrate- 
reducing factor could be obtained by grinding washed liver with 2 % sodium 
carbonate solution and filtering. The nitrate-reducing factor could then be 
removed by charcoal. There appears to be little reference in the literature to 
the extraction of xanthine oxidase from the cell. Most work on this enzyme 
in the tissues has been carried out using a cell suspension, which may contain 
other reducing systems. It seems worth while, therefore, to give details of 
a method by which a clear, active solution of xanthine oxidase can readily 
be prepared from liver. 


Preparation of xanthine oxidase from liver. 

Cat liver (86 g.), after removal of the gall bladder and connective tissue, 
is washed for a short time under the tap. It is then well ground with washed 
sand, stirred with water and squeezed through muslin. The residue in the 
muslin is again ground with sand, suspended in water and squeezed through 
muslin, a total of 2 volumes of water being employed in the two extractions. 
The combined suspensions are allowed to stand overnight in a cool place and 
are then acidified to pg 5 (greenish-blue to bromocresol green) with dilute 
acetic acid. (This acidification precipitates some of the dissolved protein and 
allows a clear centrifugate to be obtained.) After standing for half an hour, the 
suspension is centrifuged, the perfectly clear, blood-pigmented liquid being 
poured off from the lower protein layer and neutralised with a few drops of 
dilute NaOH. (The protein precipitated on neutralising is removed at a later 
stage.) An equal volume of saturated ammonium sulphate is added with 
shaking and after standing for a short time the mixture is centrifuged. The 
clear, inactive liquid, together with any upper layer of fat, is poured away and 
the protein precipitate containing the xanthine oxidase is well shaken with 
about 50 cc. of distilled water. After standing, the liquid is centrifuged and 
the clear liquid containing the enzyme is poured off from the inactive protein 
layer. l cc. of this enzyme solution plus 0-5 cc. phosphate buffer (pq 7-6) 
plus 0-lcc. (=6-1mg.) hypoxanthine reduced 0-25 cc. methylene blue 
(1 in 5000) in 1-5 minutes at 37°. A control without the addition of hypoxanthine 
showed no sign of decoloration after 2 hours, showing the absence of reducing 
substances from the preparation. Treatment with charcoal (5 cc. of enzyme 
treated with 0-2 g. Merck’s medicinal charcoal) followed by centrifuging and 
filtration (using Whatman No. 1 filter paper) gave a purer, less pigmented 
solution without any appreciable loss of enzyme activity. Preliminary 
attempts at further purification using kaolin were not encouraging. Experi- 
ments in the Barcroft apparatus showed that the oxygen uptake of the enzyme 
preparation plus hypoxanthine still occurred in the presence of M/500 KCN. 
Dixon and Thurlow [1925] have previously shown that their preparations of 
xanthine oxidase similarly bring about the aerobic oxidation of hypoxanthine 
in presence of dilute cyanide. Comparisons between the reducing power of 
the original liver suspension with hypoxanthine added (allowing for the other 








988 D. C. HARRISON 


reducing systems present) and that of the final preparation indicated that 
practically all of the liver xanthine oxidase is extracted by this method. The 
solution may be kept at 0° for some days without loss of activity. A similar 
preparation made from ox liver was found to be somewhat less active than 
that from cat liver. 

In a recent paper, Keilin [1929] has dealt with the indophenol reaction in 
yeast and in animal tissues and its relation to biological oxidation processes, 
particularly as regards the function of the respiratory pigment, cytochrome. 
Keilin observed that while fresh bakers’ yeast gives no indophenol reaction, 
yet after warming to 52° for 1-5 hours, the yeast gives a powerful indophenol 
reaction. That the negative reaction with fresh yeast is not due to the reduction 
of indophenol blue to its colourless leuco-compound by reducing systems in 
the yeast is shown by the fact that no colour appears on shaking the fresh 
yeast with the Nadi reagent, then boiling and aerating the solution. Leuco- 
indophenol blue is readily autoxidisable in the air, and, after destruction of 
the reducing systems of the yeast by boiling, would, if present, rapidly oxidise 
to indophenol blue. Keilin regards cytochrome as a respiratory carrier which 
is alternately reduced by the tissue dehydrases and reducing systems and 
oxidised by an oxygen activator which he considers to be identical with the 
indophenol oxidase. He explains the above experimental result on yeast as 
follows. Fresh yeast contains a large amount of reducing systems which 
maintain a very large proportion of the cytochrome in the cell in the reduced 
state. This reduced cytochrome rapidly combines with all the active oxygen 
available on the indophenol oxidase, leaving no active oxygen available for 
the oxidation of p-phenylenediamine. On warming the yeast, the activity of 
the reducing systems is decreased, the active oxygen is no longer entirely taken 
up by reduced cytochrome, and consequently more of it is available for the 
oxidation of p-phenylenediamine. Cells which take up oxygen rapidly and 
yet give a negative indophenol reaction, e.g. fresh yeast, are regarded as being 
saturated with activated reducing molecules so that “the activity of the 
oxidase is diverted to the oxidation of these molecules and none of it is 
available for the oxidation of paraphenylenediamine.” If this were true, it 
would follow that while, as shown by Keilin, the addition of p-phenylenedi- 
amine to previously warmed yeast produces a greatly increased rate of oxygen 
uptake, the addition of p-phenylenediamine to fresh unwarmed yeast should, 
on the other hand, bring about no increase in rate of oxygen uptake, since the 
p-phenylenediamine could play no part in the oxidations taking place. That 
this is not the true state of affairs is indicated by the following experiment in 
which it is shown that the addition of p-phenylenediamine to fresh unwarmed 
yeast does increase the rate of oxygen uptake of the latter. 

Exp. 5. 25 g. of a fresh sample of bakers’ yeast were suspended in 50 cc. of 
phosphate buffer p, 7-3. The yeast used in all the experiments described in 
this paper was English bakers’ yeast (United Yeast Co.) and, unless otherwise 
stated, fresh moist samples were obtained each day, since much of the ability 
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to take up oxygen was found to be lost after allowing the yeast to stand for 
a day at room temperature. About 10 cc. of the well-mixed suspension were 
poured into each of two 50 ce. conical flasks A and B. The flasks were corked 
and the suspension in flask B was heated without shaking in a water-bath at 
52° + 1° for 1-5 hours, after which it was rapidly cooled. After this treatment, 
the suspension gave a strongly positive indophenol reaction. The suspension 
in flask A was allowed to stand at room temperature for the same length of 
time and gave a negative indophenol reaction. In carrying out the indo- 
phenol test, the quantities and conditions described by Keilin [1929] were 
employed. The rate of oxygen uptake of the warmed and unwarmed yeast 
suspension both with and without added p-phenylenediamine was then 
measured, using the Barcroft differential manometer. Four of these mano- 
meters, A, Ap, B and Bp, were used. The right-hand flasks of A and Ap each 
received 0-2 cc. of the unwarmed yeast suspension A, while B and Bp each 
received 0-2 cc. of the warmed suspension B. In addition, flasks Ap and Bp 
received 0-3 cc. (= 10 mg.) of p-phenylenediamine in phosphate buffer at 














Minutes 


Fig. 1. A, fresh unwarmed yeast; Ap, fresh unwarmed yeast +p-phenylenediamine; B, fresh 
yeast warmed to 52°; Bp, fresh yeast warmed to 52° + p-phenylenediamine. 

Py 7-3. An equal volume of p-phenylenediamine solution was added to the 
left-hand flasks of Ap and Bp in order to compensate for the small spontaneous 
oxidation of the reagent, and the volume of solution in each flask was then 
brought to 3cc. with phosphate buffer (pq 7-3). In order to ensure the 
complete absorption of CO, evolved during the oxidation, small rolls of filter 
paper soaked in 15% NaOH were allowed to project from the soda tubes in 
each flask1. After shaking for 5 minutes in the water-bath at 25°, the taps 
of each apparatus were closed and the oxygen uptake was measured at in- 
tervals. The results obtained are shown in Fig. 1. 

It can be seen from Fig. 1 that p-phenylenediamine, so far from giving no 
increase in the rate of oxygen uptake of unwarmed yeast, actually produces 
a greater increase with the unwarmed yeast than with the warmed yeast. 
The increased oxygen uptake produced in unwarmed yeast by p-phenylenedi- 
amine is less marked in the early stages of the reaction, but the oxidation of 


1 T am indebted to Dr M. Dixon for suggesting the use of rolls of filter paper in the apparatus. 
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the fresh yeast is so rapid at this stage that the rate of diffusion of oxygen into 
the cell may well be the limiting factor in the velocity of oxygen uptake. The 
effect of p-phenylenediamine is much more marked if the fresh yeast be 
broken up into small pieces and allowed to stand overnight at room tem- 
perature. Fig. 2 shows the corresponding curves obtained by repeating the 
previous experiment with the same yeast after it had been allowed to stand 
overnight. Water equivalent to that lost from the yeast by evaporation was 
added when the suspension was made up. The unwarmed, partially dried yeast 
gave a negative indophenol test, becoming very faintly positive on prolonged 
shaking, while the warmed partially dried yeast gave a very powerful indo- 
phenol reaction almost immediately. Yet it is evident from Fig. 2 that 
p-phenylenediamine produces a much larger increase in the rate of oxygen 
uptake with the unwarmed yeast than with the warmed yeast. 


mm*, oxygen 





Minutes 


Fig. 2. A, stale unwarmed yeast; Ap, stale unwarmed yeast +p-phenylenediamine; B, stale 
yeast warmed to 52°; Bp, stale yeast warmed to 52° + p-phenylenediamine. 


It is to be noted in Fig. 2 that the increased oxygen uptake of unwarmed 
yeast in the presence of p-phenylenediamine clearly manifests itself from the 
beginning of the experiment. The experiments were repeated using another 
sample of yeast and similar results were obtained. A purple colour indicating 
the presence of oxidised p-phenylenediamine was observed in both solutions 
Ap and Bp at the end of both of these experiments, but the colour was much 
more intense in solution Bp containing warmed yeast than in solution Ap 
containing unwarmed yeast, and this in spite of the fact that a larger oxygen 
uptake had been induced by the p-phenylenediamine in the unwarmed yeast 
than in the warmed yeast. The intensity of colour produced by the addition 
of p-phenylenediamine is therefore no measure of the amount of oxidation 
which is induced by such addition. 

As pointed out above, according to Keilin’s theory, no increased oxygen 
uptake in unwarmed yeast would be expected on the addition of p-phenylenedi- 
amine. This theory does not appear, therefore, to fit in completely with these 
new experimental facts and some modification is necessary. Before suggesting 
an alternative mechanism, it may be well to describe experiments which were 
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carried out to determine to what extent the reducing systems in yeast are 
destroyed by warming to 52°. It was to be expected that a marked destruction 
of these reducing systems would be brought about, since Keilin has shown 
that oxidised cytochrome, which is reduced by these systems in yeast, takes 
much longer to become reduced after the yeast has been warmed to 52°; 
further, a comparison between curves A and B in Fig. 1 shows the large 
decrease in oxygen uptake which is brought about by warming the yeast. 

While studying the effect of warming on the reducing systems of yeast, 
the effect of this treatment on the peroxidase of the yeast was also tested. 
A number of different samples of fresh yeast were tested for the presence of 
peroxidase, using hydrogen peroxide together with either p-phenylenediamine 
or the Nadi reagent. In every case I obtained a strongly positive reaction. 
This result is in agreement with the results of Harden and Zilva [1914] but 
not with those of Bach [1916] or Keilin [1929]. Keilin found that fresh yeast 
did not give a distinct peroxidase reaction, but that after boiling a strong 
reaction was obtained. Under suitable conditions I have always obtained a 
more powerful peroxidase reaction with fresh yeast than with boiled yeast. 
The important condition which must be fulfilled in carrying out the test on 
fresh yeast is that hydrogen peroxide (neutralised) must be added in sufficient 
excess to prevent its being almost instantly removed by the combined action 
of the abundant reducing agents, e.g. glutathione, and of the catalase present 
in the fresh yeast. For example, in comparing the peroxidase reaction of 
unwarmed yeast and yeast which had been warmed to 52°, using p-phenylene- 
diamine and a given amount of hydrogen peroxide, I obtained a strongly 
positive reaction with the warmed yeast and only a very feeble reaction with 
the unwarmed yeast. On repeating the experiment, however, using in both 
cases ten times the original volume of hydrogen peroxide, the unwarmed yeast 
was found to give a considerably more powerful reaction than the warmed yeast. 
With fresh yeast I have sometimes obtained a completely negative peroxidase 
reaction with a given volume of hydrogen peroxide, while on doubling the 
volume of the latter a very powerful positive reaction was obtained. These 
results indicate that much of the peroxidase in yeast is thermolabile. 

To obtain evidence as to the destruction of reducing systems on warming 
yeast, a large number of experiments were carried out on the rate of reduction 
of methylene blue by different samples of yeast both before and after warming. 
25 g. of the yeast were suspended in 50 cc. of phosphate buffer (pq 7-3), and 
part of this suspension was warmed, as previously described, to 52° + 1° 
without shaking. Except where otherwise stated, the warming was continued 
for 1-5 hours. The experiments were carried out in ordinary vacuum tubes, 
each containing 0-2 cc. yeast suspension together with 2c. phosphate buffer 
Py 7-3 and 0-5 cc. methylene blue (1 in 5000). The tubes were evacuated, 
filled with nitrogen, re-evacuated and placed in a water-bath at 37°, the time 
of decoloration being noted. Since it was found difficult accurately to judge 
the exact point of decoloration of the methylene blue, the end-point was 
63 
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taken as being the point at which the faintest perceptible trace of blue re- 
mained, an open test-tube containing aerated yeast with a trace of methylene 
blue being used as a standard for comparison. The reductions were all carried 
out in duplicate and the duplicates seldom differed in reduction time by more 
than 1 minute. The indophenol test was carried out at the same time on each 
sample of yeast, and in every case I obtained a negative or very nearly 
negative reaction with unwarmed yeast and a strongly positive reaction with 
warmed yeast. It was first found that any destruction of reducing power 
which may take place on warming yeast is not due to any appreciable ex- 
haustion of oxidisable substances, for there was practically no difference in the 
rate of reduction of methylene blue by yeast suspensions which had been 
warmed to 52° in air and in nitrogen respectively. Further, it was found that 
the two suspensions did not differ appreciably in rate of oxygen uptake. It 
appears, therefore, that any diminution in reducing power which may take 
place on warming is due to destruction of the enzymes involved in reducing 
systems rather than to the oxidation and exhaustion of the enzyme substrates 
or of compounds such as glutathione. On comparing the rate of methylene 
blue reduction of unwarmed and warmed yeast, it was surprising to find that, 
while in some samples of yeast some diminution of reducing power was brought 
about on warming, yet in other samples of fresh yeast there was no diminution 
in the rate of reduction of methylene blue. Bearing in mind the large diminu- 
tion in oxygen uptake which resulted on warming yeast, this at first sight 
suggested the destruction of oxygen activators rather than of hydrogen 
activators on warming. Moreover, with a number of samples of yeast which 
after breaking up in small pieces had been allowed partially to dry by standing 
at room temperature overnight (water lost by evaporation being replaced in 
making up the suspension), it was found that an actual increase in rate of 
reduction of methylene blue occurred on warming. This is shown in Exp. 6. 
Exp. 6. 
Methylene blue 


reduction time Indophenol 
min. reaction 
Fresh yeast unwarmed 11-5 - 
Fresh yeast warmed for 1-5 hr. 11-5 + + 
Partially dried yeast unwarmed 16-5 - 
Partially dried yeast warmed for 0-5 hr. 10-5 + 
Partially dried yeast warmed for 1 hr. 9 + 
Partially dried yeast warmed for 1-5 hr. 9 ++ 


It followed therefore that, if the rate of reduction of methylene blue were 
a measure of the reducing systems in yeast, these experiments afforded evidence 
against the destruction of these systems on warming yeast. It was observed 
with a number of different samples of warmed yeast that the initial rate of 
reduction of methylene blue was much more rapid than that shown by the 
unwarmed yeast, but that the final stages in the reduction, involving the 
change from a pale blue to a colourless solution, were relatively very slow in 
the warmed yeast. The possibility was investigated that this might be due to 
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the destruction in yeast by warming of reducing systems of the high reduction 
potential necessary to bring about the virtually complete reduction of methylene 
blue. The experiments were repeated using a solution of indigo carmine in 
concentration equivalent to that of the methylene blue. If the above sugges- 
tion were correct, it might be expected that the effect would be more marked 
with indigo carmine, which requires a greater reduction potential than does 
methylene blue to bring about a given percentage reduction of the dye. It was 
found, however, that neither warmed nor unwarmed yeast reduced indigo 
carmine at any appreciable rate. 

A more probable explanation of the experimental result is the following. 
The intact yeast cell is not readily permeable to methylene blue, while, on 
the other hand, the reducing systems present in the cell do not readily diffuse 
out. On partially drying the yeast, some of the cells become more permeable, 
and on subsequent warming a small amount of the reducing substances such 
as glutathione diffuses out into the suspension liquid. These reducing substances 
reduce methylene blue more rapidly than those inside the cell and hence, 
until they are almost exhausted, lead to a greater rate of reduction of methylene 
blue. The use of nitrate as a possibly more diffusible hydrogen acceptor than 
methylene blue gave no result, no reduction of nitrate being brought about 
by yeast. If the suggestion that intact yeast is not readily permeable to 
methylene blue be true, it should be possible to bring about an increase in 
the rate of reduction of methylene blue by plasmolysing the yeast. Exp. 7 
shows that such was found to be the case. 

Exp. 7. 1g. of yeast was weighed into each of two dishes A and B. A few 
drops of toluene were added to B and the yeast was ground into a thick paste 
with the toluene. The yeast in the control A was ground up without toluene, 
both dishes then being put into the incubator for 45 minutes at 37°. At the 
end of this time, no smell of toluene was detectable in B, and the yeast in 
each dish was suspended in 22 cc. of phosphate buffer (py 7-3). It was found 
that 2 cc. of the control yeast A with 0-5-cc. of methylene blue reduced the 
latter in 8 minutes, while the corresponding reduction time for the toluene- 
treated yeast B was 4 minutes. At the same time it was found that the initial 
rate of oxygen uptake of the yeast was reduced to nearly one-half by treatment 
with toluene. The rate of reduction of methylene blue by yeast is thus doubled 
by plasmolysis with toluene, the partial destruction of oxidising systems 
brought about by the latter, which is reflected in the lowered oxygen uptake, 
being more than counterbalanced by the increased accessibility of methylene 
blue to the reducing systems after plasmolysis. Further, it was found that 
while, as mentioned above, neither unwarmed nor warmed yeast reduces indigo 
carmine at any appreciable speed, yet after treatment with toluene complete 
and fairly rapid reduction of the dye takes place in both cases. Clearly, then, 
the rate of access of methylene blue (or indigo carmine) to the cell-reducing 
systems is the limiting factor in a suspension of intact yeast cells and the time 
required for reduction of the dye stuffs gives no measure of the reducing 
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systems present. On testing with the Nadi reagent it was found that the 
toluene-treated yeast gave a fairly strong indophenol reaction, while with the 
untreated yeast the reaction was completely negative. 

The combined effect on the indophenol reaction in yeast of warming and 
subsequent treatment with toluene was next investigated. 

Exp. 8. 2g. of fresh yeast were put into each of two corked test-tubes A 
and B, the yeast being moulded into compact lumps to facilitate subsequent 
removal from the tubes. Tube B was immersed in a water-bath at 52° for 
1-5 hours, while the control tube A remained at room temperature. The 
yeasts A and B were then transferred quantitatively to mortars and each 
was rubbed with 0-5 cc. toluene. They were then put into the incubator at 37° 
and rubbed at intervals until all the toluene had evaporated and the yeasts 
were dry (about 2 hours). The yeasts were then suspended in 22 cc. phosphate 
buffer of py 7-3 and tested by the indophenol reaction. The unwarmed yeast A 
went blue almost immediately while the warmed yeast B remained colourless. 
After 5 minutes’ shaking A was intensely blue while B was only very faintly 
blue. Thus the indophenol reaction which becomes positive in yeast either 
after warming or after treatment with toluene had been destroyed by the 
double effect of warming and toluene treatment. On allowing the tubes A 
and B to stand unshaken, it was noticed that the indophenol blue in A was 
rapidly reduced to the colourless leuco compound, while the small amount of 
indophenol blue in B was only very slowly reduced. This indicates that the 
unwarmed yeast A which gave an intense indophenol reaction contained more 
reducing systems than the warmed yeast B which gave the feeble indophenol 
reaction. It is difficult to see how this can be explained on Keilin’s theory. 

The peroxidase activity of the suspensions A and B was then tested, using 
a mixture of Nadi reagent and hydrogen peroxide. The unwarmed yeast A gave 
an intensely positive peroxidase reaction almost immediately, while the warmed 
yeast B remained negative for several minutes and became gradually positive 
only after standing. (The very rapid and intense peroxidase reaction given 
by A with hydrogen peroxide plus Nadi reagent is easily distinguished from 
the slower and less intense direct indophenol reaction given with Nadi reagent 
alone.) 


DISCUSSION. 


The results obtained in the above experiment are not those which would 
be expected on Keilin’s theory of the indophenol reaction. According to this 
theory, the high concentration of reducing systems in fresh yeast maintain 
a correspondingly high concentration of the cell cytochrome in the reduced 
state, and the consequent rapid absorption by the reduced cytochrome of all 
available active oxygen produced by the indophenol oxidase results in there 
being none available for the oxidation of p-phenylenediamine. On warming 
the yeast to 52°, the concentration of the reducing systems and therefore of 
reduced cytochrome is decreased, and therefore active oxygen becomes 
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available for the oxidation of p-phenylenediamine, and a positive indophenol 
reaction is given. The action of toluene in bringing about a positive indophenol 
reaction in yeast may presumably be ascribed to a similar destruction of 
reducing systems, for Quastel and Wooldridge [1927] have shown that toluene 
destroys certain dehydrase systems in bacteria, and I found that the toluene 
treatment considerably decreased oxidations taking place in yeast. If, therefore, 
as suggested by Keilin, the reducing systems played only an inhibitory part 
in the indophenol reaction, it might be expected that the double effect of 
warming and subsequent toluene treatment of yeast, by destroying more 
dehydrases, would produce an even stronger indophenol reaction than is 
produced by either treatment alone. The above experiment shows, however, 
that after this combined treatment the indophenol reaction is almost negative. 
This negative effect cannot be due to destruction of an indophenol oxidase 
since warming alone or toluene treatment alone results in a strongly positive 
reaction. Further, as pointed out earlier in the paper, the results obtained on 
the oxidation of p-phenylenediamine by unwarmed yeast are not explained 
on Keilin’s theory. It seems that the following scheme of reactions gives a 
more complete explanation of the experimental facts: 


H O H—O. 
(Q) AC + il > At | 
“2 H—O 
NH 
NH, | 
H—O 
(2) (and/or reduced cyt.) + | > (and/or oxidised cyt.) +2H,0. 
H—O Se 
NH, | 
NH 
NH 
[ NH, 
\ 
H 
(3) BE + (and/or oxidised cyt.) > B+ (and/or reduced cyt.). 
|| NH, 
NH . 


Firstly, reducing systems in the cell, e.g. reduced glutathione or hypo- 
xanthine plus xanthine oxidase, donate two hydrogen atoms to a molecule of 
oxygen forming a molecule of hydrogen peroxide and themselves becoming 
oxidised. This is shown in reaction (1) where AH, represents a hydrogen 
donator. That such formation of hydrogen peroxide actually does occur has 
been clearly demonstrated [Thurlow, 1925; Harrison and Thurlow, 1926; 
Kodama, 1926]. 

Secondly, if p-phenylenediamine be added to the cell, some of it will, in 
presence of the cell peroxidases, be oxidised to the corresponding di-imino- 
compound by some of the hydrogen peroxide formed in (1). This oxidation, 
leading to the formation of the purple colour, is shown in reaction (2). That 
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this secondary oxidation of p-phenylenediamine actually can be induced during 
other oxidations has been demonstrated in the earlier part of the present paper. 
Finally, the di-imino-compound may be reduced back again to the colourless 
compound by other reducing systems (BH,), whose oxidation is thereby 
brought about. This is shown in reaction (3). The purple oxidation product 
is probably a loose compound of p-phenylenedi-imine with the diamine, 
analogous to quinhydrone [Willstatter and Piccard, 1908]. This, of course, 
does not affect the argument. That the purple oxidation product of p-phenylene- 
diamine formed in reaction (2) actually can be reduced back again to the 
colourless compound by reducing systems in the tissues has been shown by 
Szent-Gyérgyi [1925]. He found that lactic acid plus washed muscle could 
bring about this reduction and suggested that p-phenylenediamine could act 
as a carrier between the oxygen activators and the dehydrases of the cell. 
Let us now consider how reactions (1), (2) and (3) explain the positive and 
negative indophenol reactions obtained in the experiments described. Firstly, 
taking the case of the yeast cell with p-phenylenediamine added, the reducing 
systems in taking up oxygen will lead to the formation of hydrogen peroxide 
which in turn will oxidise p-phenylenediamine to the di-imino-compound. This 
di-imino-compound will then to a greater or lesser extent be reduced back to 
p-phenylenediamine by further amounts of reducing systems in the cell. The 
extent to which this last reaction occurs will depend upon the amount of 
reducing systems in the cell relative to the rate of supply of oxygen in a form 
available for the oxidation of these systems. Now, in fresh yeast the cell is 
saturated with reducing systems so that these cannot obtain oxygen at a 
sufficient rate to satisfy their needs. Therefore, while some of these systems 
will become oxidised by giving up hydrogen to all the available oxygen, other 
reducing systems will become oxidised by donating hydrogen to the purple 
di-imino-compound formed in reaction (2), reducing this compound back to 
the colourless p-phenylenediamine. In the fresh yeast cell, where the reducing 
systems are in excess, this reduction will occur virtually to completion, and 
therefore no purple colour will be evident on adding p-phenylenediamine. 
On the other hand, in yeast in which the reducing systems have been partially 
destroyed, e.g. by warming to 52°, the cell is no longer saturated with these 
systems; oxygen is available at a sufficient rate to bring about the oxidation 
of the greater part of the reducing systems and therefore these systems no 
longer reduce all the coloured di-imino-compound back to the colourless diamine. 
Thus, the warmed yeast is capable of giving a positive indophenol reaction. 
The results of an experiment which was carried out with cysteine serve 
to illustrate the state of affairs in fresh yeast. An attempt was made to induce 
the secondary oxidation of p-phenylenediamine during the oxidation of 
cysteine. It was found, however, that the cysteine, so far from bringing about 
an induced oxidation of p-phenylenediamine, actually suppressed the normal 
spontaneous oxidation of .the latter. The explanation of this result appears 
to be firstly that the spontaneous oxidation of cysteine [Sakuma, 1923; 
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Harrison, 1924, 1927] and the oxidation of p-phenylenediamine [ Wertheimer, 
1925] both depend on the presence of traces of catalytic metal impurities, and 
that consequently the cysteine will compete for these catalysts and inhibit 
the spontaneous oxidation of p-phenylenediamine. Secondly, the cysteine, on 
account of the small amount of catalyst present, is able to obtain oxygen at 
only a very limited rate. The system is therefore analogous to a fresh yeast 
cell saturated with reducing systems, and any p-phenylenediamine which is 
oxidised is immediately re-reduced by the excess of cysteine. 

It is important to notice that, according to the scheme suggested for the 
mechanism of the indophenol reaction, the reducing systems in the cell not 
only act as inhibitors to the reaction according to reaction (3), but also 
contribute to the production of a positive indophenol reaction according to 
reactions (1) and (2). The intensity of the indophenol reaction given by a cell 
will be determined by the position of the dynamic equilibrium between 
reactions (1) and (2) on the one hand and reaction (3) on the other. According 
to this scheme, the results obtained in Exp. 8 receive explanation. Fresh 
yeast which contains an excess of reducing systems gives no purple colour 
with p-phenylenediamine, since all the latter is re-reduced as fast as it is 
oxidised. On warming the yeast or treating it with toluene, the reducing 
systems are partly destroyed and consequently the purple compound formed 
by secondary oxidation in reactions (1) and (2) is not all re-reduced and a 
positive indophenol reaction is obtained. By the double effect of warming 
the yeast and subsequently treating it with toluene, however, the reducing 
systems are destroyed to such an extent that very little secondary oxidation 
of p-phenylenediamine takes place. Further, the marked destruction of 
peroxidase which was shown to have been brought about by the double 
treatment would tend to prevent secondary oxidation from occurring. 
Consequently, an almost negative indophenol reaction is obtained. 

The increased oxygen uptake in unwarmed yeast on adding p-phenylenedi- 
amine is also explained on this theory, since a secondary oxidation of the latter 
involving the utilisation of an extra atom of oxygen takes place. By the 
subsequent re-reduction in reaction (3) of the oxidised p-phenylenediamine, 
the oxidation of reducing systems would be brought about without the agency 
of activated oxygen. 

If such a scheme were applicable only to the case of p-phenylenediamine, 
it could obviously be of no significance in the living cell. If, on the other hand, 
reduced cytochrome and oxidised cytochrome may be substituted respectively 
for p-phenylene-diamine and -di-imine in reactions (1), (2) and (3), the theory 
becomes a possible explanation of events taking place in the living cell. There 
appears to be every reason for supposing that such a substitution may be made, 
since Keilin has shown that on the one hand reduced cytochrome is rapidly 
and completely oxidised without destruction by small amounts of hydrogen 
peroxide, while on the other hand oxidised cytochrome is readily reduced by 
the tissue-reducing systems. There seems to be no reason therefore why 








998 D. C. HARRISON 


cytochrome should not function in the same way as the phenylene compounds, 
as shown in reactions (1), (2) and (3). 

The action of inhibitors such as KCN, H,S, and CO on the indophenol 
reaction is explicable on such a theory since, apart from any inhibiting action 
which they may have on the cell peroxidases, these substances will inhibit 
to a greater or lesser extent the oxidation of the primary oxidising systems in 
reaction (1). 

Another factor, apart from the destruction of dehydrases, which will tend 
to contribute to the formation of a positive indophenol reaction on warming 
yeast is the destruction of catalase. It has been shown by Séhngen and Smith 
[1924] that yeast catalase is partially destroyed by warming above 50°, and 
I observed that with plasmolysed yeast the effervescence on adding hydrogen 
peroxide was considerably less in yeast which had been previously maintained 
at 52° for 1-5 hours. The presence of catalase in the cell would tend to reduce 
to some extent the secondary oxidation taking place owing to its destructive 
action towards hydrogen peroxide. Consequently, this partial destruction of 
yeast catalase by warming would be expected to increase the amount of 
secondary oxidation of p-phenylenediamine. 

The scheme as so far outlined is, as it were, self-contained and does not 
require the assumption of any specific indophenol oxidase or oxygen activator 
for the production of indophenol blue or for the oxidation of cytochrome. In 
reaction (1), for each molecule of oxygen taken up in oxidising a molecule of 
the primary system AH,, one molecule of hydrogen peroxide is formed, 
capable under the most favourable conditions of giving up one atom of oxygen 
to oxidise p-phenylenediamine. Consequently, if the scheme of secondary 
oxidation were complete in itself as an explanation of the indophenol reaction, 
it would follow that the addition of p-phenylenediamine to an oxidising 
system would never increase the oxygen uptake to more than double that of 
the oxidising system alone. Fig. 2, however, shows that the oxygen uptake 
of stale yeast plus p-phenylenediamine is more than double that of the yeast 
alone. Also, in results obtained by Keilin, p-phenylenediamine added to 
washed heart muscle produced an oxygen uptake far greater than double that 
of the washed muscle alone. In such systems there must clearly be some 
means other than hydrogen peroxide for the oxidation of p-phenylenediamine. 
The spontaneous oxidation of this substance is catalysed by metals and bears 
many points of resemblance to the oxidation of cysteine [Wertheimer, 1925]. 
The oxidation of cysteine is catalysed by haematin [Harrison, 1924] and it is 
not unlikely therefore that similar catalysts in the cell may bring about a 
certain amount of oxidation of p-phenylenediamine, though there is no evidence 
at present to show to what extent this occurs. In oxidations involving cyto- 
chrome, the autoxidisability of cytochrome 6’ may play a part. It must be 
borne in mind that oxidising systems such as stale yeast and washed muscle, 
with their normal respiration much reduced or almost entirely removed, do 
not represent normal oxidising systems in the intact cell where the primary, 
and hence the secondary, oxidations would be much greater. The scheme 











ds, 


nol 


on 


bit 


nd 
ng 
ad 
en 
ed 
ce 
ve 
of 


of 





INDOPHENOL REACTION 999 


described in this paper does not disprove the existence of an indophenol 
oxidase, but the fact that the indophenol reaction has been shown to occur 
by secondary oxidation means that the reaction cannot be taken as a criterion 
for the presence of an activator of oxygen. The scheme suggested by Keilin 
involving the oxidation of p-phenylenediamine by an indophenol oxidase does 
not explain all the experimental facts involved in the oxidation of p-phenylene- 
diamine. I feel that the explanation of the indophenol reaction and its 
significance in cell oxidations is best accounted for by assuming a combined 
action of an indophenol oxidase, as suggested by Keilin, and the secondary 
oxidation mechanism suggested in this paper. These together afford a satis- 
factory explanation of the observed facts. 


SUMMARY. 


1. The secondary oxidation of dimethyl-p-phenylenediamine leading to 
a positive indophenol reaction can be brought about during the oxidation of 
hypoxanthine by xanthine oxidase (from milk or liver) in presence of per- 
oxidase. The indophenol reaction can therefore be brought about without the 
agency of a specific indophenol oxidase. 

2. A method is described for the preparation of an active solution of 
xanthine oxidase from liver. 

3. p-Phenylenediamine increases the oxygen uptake of unwarmed yeast, 
which does not give an indophenol reaction. 

4. The methylene blue technique is shown to be unreliable as a means of 
measuring the reducing systems in the yeast cell. 

5. A scheme of reactions is described to explain the significance of the 
indophenol reaction in cell oxidations, and it is suggested that cytochrome 
may be involved in a similar series of reactions. 

6. The indophenol reaction is no criterion for the presence of an activator 
of oxygen. 


, : z a 
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CVII. AN EXAMINATION OF THE METABOLIC 
PRODUCTS OF CERTAIN FUCOIDS. 


I. SUGAR. 


By PAUL HAAS anp THOMAS GEORGE HILL. 


From the Botanical Department, University College, London. 
(Received August 9th, 1929.) 


For some time past the attention of the authors has been drawn to the sea 
weeds, and the fact that at Blakeney in Norfolk there exists an extensive 
formation of the free growing fucoid Pelvetia canaliculata forma libera (Baker, 
1912; Baker and Blandford, 1915] growing in association with Salicornia 
herbacea and Suaeda maritima, suggested a comparison of the metabolic 
products of this plant with that of Pelvetia canaliculata in order to see whether 
such an essentially sub-aerial plant has a metabolism divergent from that of 
its parent species living in its normal habitat, the sea. For it will beremembered 
that the sea weeds show many peculiarities which are not shared with terrestrial 
plants: the presence of ethereal sulphates in the cell-wall constituents, the 
lesser amount of cellulose, the presence of alginic acid, the common occurrence 
of mannitol, the presence of obscure carbohydrates such as laminarin, together 
with other peculiarities, indicate a type of metabolism different from that of 
the normal terrestrial plant. 

The habitat of P. canaliculata forma libera is such that it is submerged in 
sea water only at the high spring tides. During the inter-tidal periods it is 
desiccated to a degree which varies with the humidity of the atmosphere, 
which is dependent on temperature, rainfall and other factors. It therefore 
may happen, especially in summer, that desiccation may be excessive, indeed 
often the plants are quite dry and more or less brittle for they merely rest on 
the surface of the marsh. The formation of sexual organs is extremely rare; 
reproduction is effected by vegetative means, disjected portions of thallus; 
the many thousands of plants of an area are thus portions of a few individuals. 
The parent plant is P. canaliculata which also grows on the Blakeney area on 
the harbour side; but its distribution and abundance are somewhat restricted, 
for which reason restraint was necessary in its collection—for biochemical 
investigations generally require much material—else its continued existence 
might have been menaced and possibly that of its form libera. At Blakeney, 
P. canaliculata is normal: it grows attached to pebbles and produces an 
abundance of conceptacles. It is possibly exposed to more tides than is its 








METABOLIC PRODUCTS OF FUCOIDS 1001 


form libera, but vertically it is probably higher than when growing on an 
exposed coast-line and is never subjected to wetting by spray; it is therefore 
exposed to prolonged periods of drought. In passing it may be remarked that 
these plants are of thallus structure, and the whole plant is engaged in season 
in photosynthesis. In the present investigation this is an advantage in that 
difficulties inseparable from a more complex morphology, diffusion of carbon 
dioxide, translocation of elaborated compounds, etc., are eliminated. 

In general terms the metabolism of green plants is based on sugar. Does 
this also hold for the Fucaceae? According to Kylin [1915] this is so, although 
the amounts of sugar he finds seem too small to warrant such a conclusion. 
For his investigation he used air-dried plants and he gives no information 
regarding the time of collecting, and the state of the tide. These .circum- 
stances, together with the interval of time between collection and extraction, 
may have much significance in the amount of free sugar especially in those 
fucoids of the upper part of the emerging zone. In order to reduce any possible 
loss from such a cause we examined fresh material collected after a period of 
insolation and dropped it immediately into boiling alcohol. 


PROCEDURE. 


In the present investigation the dates of collection were selected so that 
all the plants had been submerged for several hours by a day tide; the con- 
ditions were therefore favourable for photosynthesis. 

The extraction of P. canaliculata and its form libera, owing to the facility 
of a laboratory near by, took place immediately after collection, so that the 
possible loss of sugar by respiratory processes was negligible. On the other 
hand, Fucus serratus, and Ascophyllum nodosum, which do not grow at Blakeney 
in sufficient amount or are absent, were collected from previously selected 
localities at Folkestone and were brought to London in sea water: the period 
between collection and extraction was about 2 hours sc that the possible loss 
by respiration could not have been great. 

The plants were rinsed in fresh water two or three times in order to remove 
adhering salts, superficially dried with towels and dropped into boiling 
absolute alcohol. After boiling for 20 minutes the plants were removed from 
the alcohol, drained and dried first in air and then in the steam-oven. They 
were then finely ground in a mill, in order to facilitate extraction, and the 
powder was extracted by boiling 95 % alcohol on a water-bath for 20 minutes 
under a reflux condenser. The extract was filtered through calico on a Biichner 
funnel, the solid residue was returned to the flask and again extracted with 
boiling alcohol. If necessary, a third extraction was made after which the 
alcoholic extract was almost colourless and gave little or no residue on 
evaporation. 

All the filtrates were combined and, if the preparation could not be 
proceeded with immediately, mixed with a little toluene and kept in closed 
vessels in the dark. The extract was reduced to a small bulk by evaporating off 
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the alcohol under reduced pressure; the resulting residue was deeply coloured 
and contained a certain amount of fat. The fat and much of the pigments 
were removed by extraction with ether in a separating funnel; the process 
being repeated once or twice. The aqueous layer was then a clear pale reddish 
brown liquid. The combined water extracts were freed from ether, mixed 
with finely powdered calcium carbonate and evaporated to smaller bulk on 
a water-bath. The liquid was then filtered and treated with basic lead acetate. 
The precipitate was filtered on a Biichner funnel, and then ground with water 
and refiltered. The combined filtrates were treated with hydrogen sulphide 
to remove the excess of lead; after filtration, solid calcium carbonate was 
stirred into the solution which was then reduced to a small bulk on the water- 
bath. On evaporating a portion of the filtrate a dark amber coloured syrup 
remained. 

In order to reduce the ash content of this the syrup was extracted re- 
peatedly with 95 % alcohol, the extract being evaporated over a water-bath 
to a clear light-brown syrup. 

For example: 2 kg. of Pelvetia canaliculata required for complete extraction 
7850 cc. of aleohol. After the first extraction, the dried plant residue weighed 
435 g.; the final yield of syrup was 35-63 g. most of which was extracted on 
the initial boiling with alcohol. Similarly 2 kg. of the form libera required 
8560 ce. of alcohol; the dry weight of the plant material after the first 
extraction was 300 g. and the weight of the final syrup was 43-3 g. 

The syrup thus prepared contains in addition to mannitol, inorganic salts 
together with a small amount of a nitrogenous compound! which is not 
removed by treatment with phosphotungstic acid. 


Examination of the syrup. 


The following table sets out the qualitative reactions of the syrup. 


Table I. 
Colour reactions Initial Reduction 
Date of i ae, reduction after 
Plant collection Rotation Molisch’s Thomas’s Bial’s (Fehling) hydrolysis 
P. canaliculata June 1928 ‘ + = ~ +* ++ 
P. canaliculata Sept. 1927 - 4 1 + +f +++ 
f. libera Jan. 1928 4 - - - 
June 1928 + 4 4 + 4+ Atos 
Fucus serratus Oct. 1927 0 ie = +t 
Nov. 1927 - + + 4 +t 
Ascophyllum Oct. 1927 0 + + + +4 
nodosum 
* Very weak. + Weak. t Just detectable. 


1 It was subsequently found that this substance is precipitated by mercuric nitrate; on 
decomposing the precipitate with hydrogen sulphide and evaporating the carefully neutralised 
solution there resulted a product which gives the biuret reaction, and is readily hydrolysed by 
hydrochloric acid yielding ammonium chloride. With potash the compound evolves ammonia 
in the cold. From these facts it is concluded that the substance is an amide but its complete 
characterisation awaits further investigation. 
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The following observations on these tests may be made. 

1. Rotation. Most of the preparations showed slight optical activity, but 
this is without significance in that the final preparation contains mannitol 
which is optically active in relatively strong solution; the observed rotation 
therefore is the resultant of the activity of this alcohol and the amount of 
free sugar, when present. To this fact we ascribe the different results obtained 
with the form libera collected at different seasons. 

2. Colour reactions. The colour reactions are concordant and show that 
a pentose is present. It should be noted that the colour reactions were given 
both by the syrup itself and by a dialysate prepared from the syrup. Kylin 
apparently did not test his preparations for pentose and he concluded that 
hexose was the significant sugar. In our observations it will be seen that the 
form libera gathered in January gave negative results throughout. We can give 
no definite explanation of this; possibly the amount of sugar formed in the 
conditions of short periods of illumination of lower intensity coupled with low 
temperatures is so small as to be immediately converted into some other 
compound. . 

3. Reduction. The form libera, with the exception of the plants gathered 
in January, gave the largest initial reduction of Fehling’s solution; in no 
instance was the amount of reduction large enough for accurate determination. 
After hydrolysis the syrups of all the plants examined gave an obvious and 
immediate reduction of Fehling’s solution but the amount, estimated as 
pentose by Bertrand’s method, was very small. Thus in Pelvetia canaliculata 
forma libera the amount of material available was only sufficient to give a 
titration figure corresponding to 20 mg. of copper, the minimum quantity 
provided for in Bertrand’s tables. This corresponds to 0-85 % of pentose in 
the syrup, or 0-018 % of the wet weight of the weed. In Pelvetia canaliculata, 
Ascophyllum nodosum and Fucus serratus the titration figures were too small 
to justify the calculation of percentage amounts of pentose. 

Attempts to estimate the amount-of pentose by the micro-method of 
Youngburg [1927] were unsuccessful owing to the frothing and charring of 
the material, a difficulty which was not experienced in control experiments 
with pure xylose solutions. 

It should be noted that Table I gives the results of experiments upon fresh 
material killed by dropping into boiling alcohol. Rather different results were 
obtained with material which had been dried and kept for some time before 
analysis, as may be seen from Table II. 





Table II. 
Colour reactions Reduction 
cr A — Initial after 
Plant Rotation Molisch’s Thomas’s Bial’s reduction hydrolysis 
P. canaliculata 0 - = = i = 
f. libera 


Fucus serratus - Very faint - - Very faint 
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SUMMARY. 


1. There is present in Pelvetia canaliculata and P. canaliculata forma libera, 
but not in Ascophyllum nodosum and Fucus serratus, plants of a lower level 
of the emerging zone, a small amount of free reducing sugar, probably a 
pentose. 

2. In addition, in Pelvetia there is a dialysable pentose complex which 
only reduces Fehling’s solution after hydrolysis. This substance may be a 
disaccharide or a pentose constituent of the cell-wall. The latter is unlikely 
owing to its dialysability and to the method employed in its isolation. In 
view of the fact that plants air-dried for some time and extracted in the same 
way as the freshly gathered material do not give any sugar reactions, the 
suggestion that the non-reducing constituent is a transient labile substance, 
possibly a disaccharide, rather than a reserve material, is not unreasonable 
and this would account for the small amount found. 


Our thanks are due to Dr B. Russell-Wells for her kind help in collecting 
and preparing some -of the material, and in other ways; also to the 
Government Grants Committee of the Royal Society for a grant which has 
in part defrayed the costs of this investigation. 
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CVIII. AN EXAMINATION OF THE METABOLIC 
PRODUCTS OF CERTAIN FUCOIDS. 


II. MANNITOL AND MANNITAN. 


By PAUL HAAS anp THOMAS GEORGE HILL. 
From the Botanical Department, University College, London. 


(Received August 9th, 1929.) 


In view of the acknowledged occurrence of the hexahydric alcohol mannitol 
among the Fucaceae repeated attempts were made to isolate this substance 
from the syrups obtained as described in the preceding paper [Haas and Hill, 
1929] from Pelvetia, but without success; no trace of crystalline mannitol being 
obtained from alcoholic solutions by careful evaporation. It was therefore 
decided to make fresh aqueous, instead of alcoholic, extracts of Pelvetia as well 
as of Laminaria digitata and Fucus serratus; the two latter stood in marked 
contrast to Pelvetia since the isolation of crystalline specimens of mannitol 
from Laminaria and Fucus presented no difficulty whatever, whereas the final 
extract obtained from Pelvetia was extremely reluctant to crystallise. 

The method employed for the isolation of mannitol and mannitol-containing 
syrups was the same in all experiments. 

200 g. of dried and ground material were extracted with hot waterin a double 
jacketed vessel for about 40 minutes and then pressed in a tincture press; the 
residue was once more extracted in the same way and the combined extracts 
were poured into an equal volume of absolute alcohol and set aside for 12 hours 
to allow the gelatinous precipitate to separate; the liquid was then strained 
through silk, and, after distilling off the alcohol, was evaporated to dryness 
over a water-bath. The product so obtained was a brown gummy mass rich 
in salts; it was transferred to a Soxhlet thimble suspended in a flask and 
extracted in the vapour of boiling alcohol for about 6 hours. The nature of 
the alcoholic extract so obtained varied with the different weeds. Thus the 
extract from Fucus serratus and Ascophyllum nodosum deposited white 
crystalline masses of mannitol and Laminaria extract likewise showed signs 
of crystallising, whereas the other weeds examined gave no crystals on cooling, 
but on evaporating off the alcohol yielded a highly viscous substance con- 
taining varying quantities of chlorophyll and other pigments. These were 
removed when necessary by washing with cold absolute alcohol. Since the 
syrups obtained by aqueous extraction of Pelvetia behaved just like the 
alcoholic extracts in refusing to yield crystalline mannitol, it was decided to 
attempt to isolate the mannitol, if present, in the form of its crystalline 
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tribenzal derivative. To this end the material, weighing about 3-5 g., was 
transferred to a small wide-mouthed bottle with not more than 1 cc. of water 
and then mixed with 6cc. of 50% sulphuric acid; after adding 3 cc. of 
benzaldehyde the whole was thoroughly shaken and left in a cool place for 
3 days. The contents of the bottle were then diluted with water and the 
resulting solid product was washed first with water until free from acid and 
then with 65% alcohol’ to remove benzaldehyde; on crystallising from 
absolute alcohol it separated in white silky needles melting at about 204°-207° 
or higher. The melting-point of the tribenzal derivative of mannitol (C,,H»,0,) 
is quoted in the literature as 207°, 213°-217° and 218°-222°; the variations 
are no doubt due to differences in the rate of heating. 

A sample of such a product obtained from Pelvetia canaliculata collected 
in Aberdeen gave the following figures? on analysis: 

0-0439 g. gave 0-1162 g. CO,, 0-0232 g. HO. 

Found: C, 72-18 %; H, 5:92 %. 

Calc. for C.,H,,0,: C, 72-64 94; H, 5-83 %. 

A product prepared as above from the syrup obtained from Pelvetia 
canaliculata forma libera collected at Blakeney Point proved to be a mixture 
from which it was possible to isolate by crystallisation some of the tribenzal 
derivative melting at 211°-215°, but from the mother-liquors was obtained a 
number of different fractions having much lower melting-points; these were 
not isolated in a state of purity but the impression was gained that the 
original syrup probably contained a mixture of a number of substances which 
would account for the difficulty of crystallisation persistently encountered in 
preparations from the form libera. 

An estimation of the benzaldehyde contained in the tribenzal derivative 
melting at 211°-215° was carried out by hydrolysing 0-1666 g. for 3-5 minutes 
with 5 cc. of 2 % alcoholic hydrochloric acid and precipitating the resulting 
benzaldehyde by means of dinitrophenylhydrazine [Brady, 1926]. 

0-1666 g. gave 0-3056 g. hydrazone = 0-1157 g. benzaldehyde. 

Found: benzaldehyde, 69-44 %. 

Calc. for tribenzalmannitol: 71-30 %. 

The evidence furnished by these figures may be taken as sufficient to 
establish beyond reasonable doubt the presence of mannitol in Pelvetia, short 
of actual isolation of the mannitol in crystalline form. In order, however, to 
place the matter on a still firmer basis an attempt was made to regenerate 
the mannitol from its tribenzal derivative; but here also difficulty was ex- 
perienced in isolating the mannitol in crystalline form. Thus in a typical 
experiment 0-8 g. of the tribenzal derivative was boiled under a reflux con- 
denser for 3-5 minutes with 10 cc. of 2 % alcoholic sulphuric acid. The resulting 
product was steam-distilled to remove benzaldehyde and then neutralised with 
baryta; the precipitate of barium sulphate was filtered off and the filtrate 


1 For a description of the contents of this solution see p. 1007. 
* All combustions were performed by Mr F. Hall, Dyson Perrin’s Laboratory, Oxford. 
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after evaporation to dryness gave a colourless syrup which on prolonged 
standing solidified. This substance, which was soluble in water, was shown 
to be mannitol by reconversion into the tribenzal derivative by means of 
benzaldehyde and sulphuric acid. 

Mannitan. In the previous section has been described the evidence for the 
existence in the genus Pelvetia of mannitol; by the isolation, described below, 
of a compound which from analysis would appear to be a dibenzal derivative 
of mannitan, an anhydride of mannitol (C,H,,0, — H,O = C,H,,0,), it is 
concluded that the mannitol occurring in Pelvetia is accompanied by 
some mannitan. It must be admitted that such indirect evidence is un- 
satisfactory, more especially as the existing knowledge of the chemistry of the 
mannitans is very incomplete; they are imperfectly characterised substances 
of a gummy nature and the methods of their preparation would appear to 
lead to mixtures of two mono-anhydrides—the mannitans proper—with a 
dianhydride isomannide C,H,,0, and possibly mannitol ether, C,,H,,0,,. 
There is moreover no evidence in the literature as to whether mannitans form 
benzal derivatives, but on theoretical grounds there appears to be no reason 
why they should not be capable of forming derivatives containing two benzal 
groups, of the composition C,>H,.0;, produced according to the equation: 

C,H,,0,; + 2C,H,CHO = C,H,0;(C,H;CH), + 2H,0. 
mannitan dibenzalmannitan 

This matter will be referred to later in describing the attempts to synthesise 
such a compound, but in the meantime it is proposed to consider the evidence 
for the isolation from Pelvetia extracts of a presumed dibenzalmannitan by 
treatment of these extracts with benzaldehyde in the presence of sulphuric acid. 

Dibenzalmannitan. \n purifying the crude tribenzalmannitol prepared 
from either Pelvetia canaliculata collected in Aberdeen or in Blakeney or from 
Pelvetia canaliculata forma libera obtained from Blakeney, a second product 
was found. This substance, which appeared from its analysis to be the dibenzal 
derivative of a mannitan, was found either in the alcoholic washings of the 
crude tribenzal (see p. 1006) or in the mother-liquors from the crystallisation of 
this product. The new substance crystallises from dilute alcohol in felted masses 
of needles melting at 165°-168°; it is sparingly soluble in cold alcohol but 
readily soluble in ethyl acetate or chloroform and insoluble in light petroleum. 

Samples prepared from Pelvetia canaliculata (Aberdeen and Blakeney 
respectively) gave the following figures: 

0-0800 g. gave 0-2058 g. CO,, 0-0441 g. H,O (Aberdeen) 


00713 g. ,, 0-1835 g. CO,, 0-0379 g. H,O (Blakeney) 
C%H H% 
Found: 70-15 6-12 (Aberdeen) 
70-18 5-90 (Blakeney) 
Cale. for C,9H559;: 70-58 5-88 
A search for the presence of a similar material in the preparations of 
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tribenzalmannitol from Laminaria digitata and from Fucus serratus failed to 
reveal any. In order to meet the possible criticism that the dibenzalmannitan 
in question was an artifact, produced in the course of the reaction between 
mannitol and benzaldehyde, in the presence of 50 % sulphuric acid, a careful 
search was made for the presence of this substance in the mother-liquors of 
a preparation of tribenzalmannitol from pure mannitol, but none was found. 

Synthetic experiments. As already stated, the literature reveals no evidence 
of the existence of dibenzalmannitans, nor even of the ability of mannitans 
to react with benzaldehyde. It was therefore decided to attempt the pre- 
paration of mannitan with a view to preparing from it some of the dibenzal- 
mannitan described above. According to Vignon [1874] a crystalline mannitan 
can be obtained in small quantity by treating mannitol with a quarter of its 
weight of water in sealed tubes for 2 hours at 280° or alternatively an amor- 
phous one may be obtained by heating to 287°. He further states that a 
mannitan may be obtained by heating mannitol for 2 hours with half its 
weight of concentrated sulphuric acid at 120°-125° and that the same product 
may be produced by heating mannitol with a quarter of its weight of water 
at about 295° for 1-5 hours. 

Our own experiments have shown that the temperature is indeed an 
important factor. Mannitol heated with a quarter its weight of water at 
about 290° for 1-5 hours is recovered almost unchanged, whereas if heated to 
about 300°, or a little over, it yields a product containing, in addition to 
unchanged mannitol, some substance capable of yielding an apparent dibenzal 
derivative of the composition C.95H,,0;; but if heated to above 310° it yields 
a syrup from which no such product could be isolated. Heating with sulphuric 
acid at 120° likewise gave a syrup from which no solid derivative could be 
obtained by means of benzaldehyde and 50 % sulphuric acid. 

In two experiments we found, after heating for 1-5 hours at 300°-308°, 
that on opening the tube a slight pressure had developed; the contents of the 
tube were dissolved in water, filtered and evaporated to dryness. There 
remained a semi-solid mass which when dissolved in 50 % sulphuric acid and 
shaken with benzaldehyde yielded after the usual treatment a large quantity 
of tribenzalmannitol, derived from unchanged mannitol, in addition to a small 
quantity of a substance which was readily soluble in alcohol and which after 
crystallisation from dilute methyl alcohol separates in stellar aggregates of 
glistening prisms melting at 113°-115°. These on analysis gave the following 
figures : 

0-0739 g. gave 0-1906 g. CO,, 0-0395 g. H,0. 

Found: C, 70-33 %; H, 5-90 %. 

Cale. for Cyp5H»90;: C, 70-58 %; H, 5-88 %%. 


It will be seen that this substance is identical in composition with the 
dibenzalmannitan obtained from Pelvetia extracts by benzaldehyde and 
sulphuric acid but, from its crystalline form and solubilities, it would appear 
to be isomeric with this substance. 
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On theoretical grounds it is possible to account for the existence of three 
isomeric mannitans containing an ethylene oxide ring, 


0 oO 
fo ZN 
CH,OH.CHOH.CHOH.CHOH.CH—CH,, §CH,OH.CHOH.CH—CH.CHOH.CH,OH 
(4) (B) 
0 
ra 
and CH,0OH.CHOH.CHOH.CH—CH.CH,0H 
(¢) 


only two of which, (A) and (B), however, should be capable of yielding 
dibenzal derivatives?. 

A consideration of the facts warrants the conclusion that a mannitan naturally 
occurs in P. canaliculata and its form libera. The habitat of these . plants, 
especially of the form libera, is such that they are exposed to prolonged periods 
of drought and even desiccation, a point of some interest in that mannitan is 
artificially prepared from mannitol by methods of dehydration. How much 
mannitan is present in Pelvetia we are unable to say. The yield of the dibenzal 
derivative was always small, but this may be due to the fact that the reaction 
between mannitan and benzaldehyde is less easy to effect than that between 
mannitol and benzaldehyde in the conditions of our experiments. 

It may be further remarked that the presence of mannitan, even in small 
quantity, might account for the reluctance to crystallise shown by the mannitol 
contained in the syrupy preparations made from Pelvetia. 


SUMMARY. 


1. The presence of mannitol in Pelvetia canaliculata and P. canaliculata 
f. libera has been established; its presence has also been confirmed in Asco- 
phyllum nodosum, Fucus serratus and Laminaria digitata. 

2. The presence of mannitan in Pelvetia canaliculata and its form libera, 
which plants occupy the highest position in the emerging zone, is inferred by 
the isolation of a dibenzal derivative melting at 165°-166°. 

3. An attempt to synthesise this dibenzalmannitan resulted in the pro- 
duction of an isomeric compound melting at 113°-115°. 

4. The question of the existence of isomeric mannitans and their ability 


to form benzal derivatives is raised. 


We are indebted to Prof. F. W. Oliver and Mr E. H. Chater for their kind 
help in collecting material on several occasions; and to the Government 
Grants Committee of the Royal Society of London for a grant which has in 
part defrayed the costs of this investigation. 
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EarLy in 1927 a new method of purification for application to large-scale 
manufacture was devised in the laboratories of ““A-B” insulin by which the 
activity of insulin hydrochloride could be increased from 14 to 20 inter- 
national units per mg. When, however, later in that year the same process 
was applied to 1781 g. (25 million units), the resulting material showed 
a progressive loss of activity, such that, when tested a few months later, only 
3 million units remained. The investigation of the cause of this loss resulted in 
the discovery of the precise conditions under which insulin can be inactivated 
and reactivated and also led to the ultimate recovery of much valuable 
material. Since the observations made in the course of the work are of general 
interest, they are reported in this paper. 

Although it has previously been stated that insulin can be inactivated by 
treatment with various reagents, with subsequent recovery of at any rate 
some of the potency, it has been supposed that the inactive products are 
either adsorption compounds, or derivatives in which only part of the activity 
has been destroyed. While the present work was proceeding, however, 
Freudenberg and Dirscherl [1928] showed that insulin may be inactivated by 
treatment with acetic anhydride and pyridine and that 20-30% of the 
activity is recovered by the action of weak sodium hydroxide. Jensen and 
Geiling [1928] repeated these experiments using crystalline insulin. Their 
inactive product contained only 18% of the original potency, whilst on 
treatment with sodium hydroxide 46 % was recovered. 

The work now presented shows how insulin can be inactivated by ethyl 
alcohol and hydrochloric acid, and the activity completely recovered by 
treatment with aqueous sodium hydroxide. The process may be repeated with 
only a small amount of degradation. Coincident with the change in activity, 
the reaction at which the insulin is completely precipitated shifts towards the 
alkaline side of its original value, reverting to the latter with recovery of the 


activity. 
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EXPERIMENTAL. 


Methods of assay. All the biological tests were performed on rabbits, the 
hypoglycaemic response being taken as criterion of activity. The blood-sugar 
estimations were carried out by the Folin and Wu [1920] technique, as modified 
by Haden [1923]. For strictly quantitative work, Marks’s [1925] “cross test” 
method was used as modified by Culhane [1929], 8-20 animals being employed 
for each test. In a few cases, to demonstrate only a small difference between 
two samples, one was directly tested against the other; but in all other assays 
the standard used was a specimen of insulin hydrochloride, of which the 
potency had been previously determined in terms of the International Standard 
Insulin Powder by a series of cross tests. The standard dose was invariably 
0-5 unit per kg. body-weight. 

As a preliminary to all “cross tests,’ a rough test employing two or three 
rabbits has been used, in order to fix a suitable dose for the more accurate 
assay. The test that has been found most useful is one in which the blood-sugar 
is determined hourly until a minimum is reached. The position of the minimum, 
together with a knowledge of the history of the animal, gives some indication 
of the activity of the material injected. Thus, the average blood-sugar values 
(mg. per 100 cc.) for six rabbits injected on different occasions with doses of 
0-25, 0-5 and 0-75 units per kg. were: 

Initial Ist hour 2nd hour 3rd hour 
0-25 unit 109 91 97 — 
05 = ,, 105 74 65 75 
G75. 5, 114 78 65 66 

On the smallest dose four reached the minimum at the first hour, two at 
the second; on the dose of 0-5 unit, five reached the minimum at the second 
hour, one at the third, and on the largest the values for the second and third 
in no case differed by more than 3 mg. per 100 cc., the minimum occurring 
four times at the second hour and twice at the third. 

The method has also been used to demonstrate inactivity. Even on a dose 
of 0-1 unit per kg. an appreciable fall in blood-sugar is obtained in the first 
hour. Hence, if no fall occurs in 1 hour, the unit can be regarded as not smaller 
than ten times the dose given. 

The isoelectric point. Commercial insulin is insoluble between about py 5 
and 6, the exact figures depending on the concentration and on the amount 
of salts present. If ammonia is added to a solution of the hydrochloride, the 
insulin flocculates out at a reaction (py 5-0) which is on the acid side of this 
“precipitation range.” If acid is added to an alkaline solution of insulin, 
flocculation takes place at a point on the alkaline side. The isoelectric point 
presumably lies between these reactions. 

The figures given in this paper are the precipitation points on the acid 
side of the range. They will be referred to as the “final precipitation points” 
throughout this paper. In a few cases the corresponding values on the alkaline 
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side have been obtained; they are approximately 1 py unit more alkaline than 
the quoted figures. 

The method for the determination of the final precipitation point is as 
follows. 

2-5 mg. insulin hydrochloride are dissolved in 1-2 cc. distilled water, and 
N/50 ammonia is added drop by drop until a definite cloudiness is obtained. 
Then one or more drops of N/200 ammonia are added to increase the cloudiness, 
followed by drops of N/500 and N/2000 until the precipitate shows signs of 
flocculation. The solution just prior to flocculation presents a characteristic 
turbidity. It is left for a few minutes, and then centrifuged for 2-3 minutes. 
If a clear supernatant fluid results, flocculation is judged to be complete, but 
if the fluid is opalescent, a drop of N/2000 alkali is added and it is centrifuged 
again after 5 minutes. This process is repeated as often as is necessary to give 
a clear supernatant fluid. The reaction of the clear solution is then determined, 
using methyl red and bromothymol blue as indicators, with the appropriate 
buffer solutions. The determinations are usually duplicated, and repeated if 
the two results do not agree. The inactivated insulins (especially those obtained 
by treatment with higher alcohols and glycerol) give gelatinous precipitates 
and a rather indefinite final precipitation point. 


INACTIVATION. 


The action of ethyl alcohol containing hydrochloric acid. 

When insulin is allowed to stand in solution at room temperature in a 
mixture of three parts of anhydrous ethyl alcohol and one part of 3 N hydro- 
chloric acid, giving 0-75 N 75 % alcoholic acid, it slowly loses its activity. 
In one experiment in which such a solution was kept at 20°, portions being 
withdrawn at given intervals of time, the insulin precipitated with acetone 
and assayed, it was found that complete inactivation had occurred at the end 
of about 2 days (see Fig. 1). 


Activity: units per mg. 








Time in hours 


Fig. 1. Rate of loss of activity. 
Reagent: 0-75 N HCl 75% ethyl alcohol. 
Temperature: 20°. 
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The rate of inactivation is increased by raising the temperature; thus, at 
37°, a loss of 51% of the activity was obtained in 2 hours, the material 
containing somewhat less than 9 units per mg. instead of the 14 remaining 
after 2 hours’ treatment at the lower temperature. 

The rate of inactivation is also increased by raising the concentration of 
either the acid or the alcohol (see Table I). 

For these experiments, the reagents were prepared either by mixing 
aqueous hydrochloric acid with anhydrous ethyl alcohol or, in the case of 
those containing acid more than 2-5 N, by passing dry hydrochloric acid gas 
into the anhydrous alcohol to make a 10 N solution.and diluting the latter 
with water and alcohol as required. 


Table I. 
Duration of exposure to reagents: 7 hours. 


Temperature: 20°. 
Original potency: 17-9 units per mg. 








Concentration of alcohol Concentration of acid 
c —~ , mo A — 
Final potency: Final potency: 

Reagent units per mg. Reagent units per mg. 

50 % ethyl alcohol with 0-75 N HCl 12-5 0-25 N HCl 75 > Yo ethyl alcohol 13-5 

75 % ethyl alcohol with 0-75 N HCl 10-9 0-5 N y HCL7 75 % ethyl alcohol 8-9 

40 % ethyl alcohol with 4-0 VN HCl 6-2 0-75 N HCl 75 % ethyl alcohol 10-9 

60 % ethyl alcohol with 4-0 N HCl 38 1:25 N HCl 75 % ethyl alcohol 6-3 

80 % ethyl alcohol with 4-0 N HCl 0-5-1-0 1-75 N HC175% ethylalcohol  1-7-1-0 


Coincident with the loss of activity there occurs a gradual — in the 
final precipitation point, such that, after 86 hours in 0-75 N 75 % alcoholic 
acid at 20°, it has changed from py 5-0 to py 6-5. This change was found to be 
characteristic and was used as a preliminary indication of inactivation. 

The rates of change obtained with varying concentrations of acid and 
alcohol are given in Table IT and Figs. 2 and 3. 


Table II. 


Final precipitation point of insulin: py 5-0. 
Potency: 12-5 units per mg. 
75 % ethyl alcohol. Temperature: 20°. 


Concentration of hydrochloric acid 











0-25 N 0-5 N 0-75 N 1-25 N 1:75 N 
oF; : ey are sie +O ate fr : sie a ~ 
Final ppt. Final ppt. Final ppt. Final ppt. Final ppt. 
Time point Time point Time point Time point. Time point 
hrs. Pu hrs. Pu hrs. Pu hrs. Pu hrs. Pu 
7 5-15 

16 5-2 16 55 1 5-0 4 5-3 4 5:4 

24 5:3 24 5-6 2-5 51 6-5 5-9 7 6-5 

50 5-4 40 5-6 4+ 5-2 7 6-0 

72 5-7 49 6-0 7 5-4 24 6-5 

90 5:8 16 5°75 48 6-9 
120 5-9 30 6-0 


The results demonstrate clearly that the change in final precipitation point 
is accelerated by raising the concentration of the acid and the alcohol. The 
shift is also increased by raising the temperature (see Table ITI). 
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Table ITT. 


Final precipitation point of insulin before treatment: py 5-0. 
Potency: 12-5 units per mg. 
Reagent: 0-75 N HCl 75 % ethyl alcohol. 





18° 37° 

ne Tr CS eta 
Time Final ppt. point Time Final ppt. point 
hrs. pu hrs. Pu 
2-5 5-1 2-5 5-7 
4 5-2 3 6-0 
7 5:4 4-5 6-3 
= 60 
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Normality of acid 
Fig. 2. Change of py of point of final precipitation: effect of acid concentration. 


75 % ethyl alcohol. Temp. 20°. 


z 
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Py Of final precipitation point 


0 10 20 30 40 50 60 
Time in hours 


Fig. 3. Rate of change of py of point of final precipitation: effect of acid concentration. 
Ethyl alcohol 80 %. 


Thus a general parallelism exists between the loss of activity and the shift 
in the final precipitation point towards the alkaline side. 

Aqueous hydrochloric acid in concentrations similar to those used above 
effects no change in the final precipitation point, nor does treatment of insulin 
with dry hydrochloric acid gas. On the other hand, if insulin is moistened with 
alcohol and exposed to a current of dry hydrochloric acid gas, the final 
precipitation point changes to py, 6-6 in 20 minutes. 
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REACTIVATION. 


Experiments were carried out to discover the mildest conditions under 
which a totally inactive product capable of complete reactivation could be 
obtained. 

The criterion for complete inactivity was that the material should cause 
no lowering of blood-sugar when injected into two or three rabbits in a dose 
of 1 mg. per kg., indicating that the unitage of the “inactive” product was 
at least 10 mg. It is impracticable to give the high doses required to prove 
complete freedom from insulin activity, and unnecessary when it is remem- 
bered that a unitage of 10 mg. represents a loss of 99-5 °% of the insulin 
employed in these experiments. By treatment with 8 N 80% alcoholic 
hydrochloric acid at 20° the potency was reduced to 0-25-0-5 unit per mg. 
in 2 hours, representing a loss of about 98 %; with 0-75 N 75 % alcoholic 
hydrochloric acid, more prolonged treatment was required, complete loss 
occurring within 63 hours. In both cases a change in the final precipitation 
point was observed. 

Preliminary experiments having shown that treatment with dilute sodium 
hydroxide effected some recovery of activity, a series of tests was carried out 
to determine the optimum conditions of reactivation. The time and temperature 
were arbitrarily fixed at 17 hours and 0°. 

From a series of experiments in which sodium hydroxide solutions of 
various strengths were mixed with equal volumes of the solution of inactive 
insulin it was found that maximum recovery of activity was attained with 
N/11-875 alkali (see Fig. 4). 


Units per mg. 





C05 "04 “06 “08 710 
Normality of added sodium hydroxide 


Fig. 4. Reactivation. Effect of concentration of sodium hydroxide. 
Time 17 hours. Temperature 0°. 
x Single determinations. © Average of several results. 
The reactivation may be complete in less than 17 hours at 0°. After 
5 minutes at this temperature, 60 % of the activity was restored by 0-0842 N 
alkali. With the recovery of activity the precipitation point reverted to py 5. 
The details of the method finally adopted for all reactivations are as 


follows. 
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To a 1 % solution of inactive insulin is added with stirring an equal volume 
of 0-0842 N NaOH; the solution is kept at 0° for 17 hours and then acidified 
to py 3-5. Either it is tested directly or the insulin is precipitated as picrate 
and the hydrochloride regenerated and assayed. The normality of the mixture 
is somewhat less than half that of the added alkali since some of it is required 
for neutralisation of the hydrochloric acid and proteins present. 

The method was applied directly to material completely inactivated and 
it was found that recovery of activity is usually quantitative and that the 


final precipitation point shifts back towards py 5-0 (see Table IV). 


Table IV. 


Inactivated material Reactivated material Original material 





co A— 7 - To) nn \ 
Potency Final ppt. Potency Final ppt. Potency Final ppt. 
Exp. Conditions of units point units point units point 
No. inactivation per mg. Py per mg. Py per mg. Pu 
1 8N 80% alcoholic 0-5 6-0 18-5 4-9 17-9 5-0 
acid for 1 hr. 
2 8N 80% alcoholic 0-25-0-5 6-2 20-0 5-0 17-9 5-0 
acid for 2 hrs. 
3 0-75 N 75% alcoholic <0-1 6-25 16-9 5-2 17-9 5-0 
acid for 63 hrs. 
4 0-75 N 75 % alcoholic <0-1 6-2 14-5 5-0 14-3 5-0 
acid for 63 hrs. 
5 0-75 N 75 % alcoholic <0-1 6-5 14-3 5-1 14-3 5-0 
acid for 86 hrs. 
6 0-75 N 75 % alcoholic <0-1 6-4 17-2 5-05 17-9 5-0 


acid for 63 hrs. 


The question arises whether the recovered material has the same properties 
as the original insulin. The final precipitation point reverts to its original 
value of py 5, but, upon repetition of the process, the second recovery of 
activity is not always quantitative. Thus, following exposure to 0-75 N 75 % 
alcoholic hydrochloric acid for 63 hours at 20°, the second recovery was only 
65 %, or, following a relatively mild second inactivation, 71 % (Table V). 





Table V. 
Unitage of 
cr A 
First First Second Second 
inactive reactivated inactive reactivated 
Exp. product: product: product: product: 
No. Conditions of inactivation units per mg. units per mg. units per mg. units per mg. 
1 0-75 N 75 % alcoholic HCl for 30 hrs. 0-93 15-6 0-5 16-9 
2 0-75 N 75 &% alcoholic HCl for 63 hrs. 0-1 17-2 0-1 11-1 
3 0-75 N 75 % alcoholic HCl for 16 hrs. — = 3-2 12-2 


When, however, less severe conditions were used, which gave approximately 
96 % inactivation at the first treatment, 95 % recovery was obtained after 
the second reactivation. 

Experiments comparing the rate of loss of activity of insulin with that 
of reactivated insulin have given somewhat conflicting results, but, using 
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material which had been about 80 % inactivated and recovered, the results 
were very similar to those obtained with untreated insulin, and appear to 
fall on the same curve (Fig. 5, Curve I). On the other hand, material obtained 
by action of alkali on insulin inactivated twice to the extent of over 94% 
appears to be more rapidly inactivated (Fig. 5, Curve II). 


100 
















90 
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70 


60 


50 


40 


30 


Percentage loss of activity 


0 5 10 15 20 
Time in hours 
Fig. 5. Rate of inactivation of treated and untreated insulin. 
Reagent: 0-75 N HCl 75 % ethyl alcohol. 
© Untreated insulin. 


Curve I 
®) Insulin inactivated once to a potency of 3 units per mg. and reactivated. 
f* Insulin inactivated twice (to 1-0 and 0-5 unit per mg.) and twice re- 


Curve I . 
l activated. 


THE NATURE OF THE CHANGE. 


When insulin is treated with a mixture of hydrochloric acid and ethyl 
alcohol the activity slowly disappears and a coincident change of the final 
precipitation point occurs towards the alkaline side. The rate of the reaction 
is increased by raising the temperature and by increasing the concentration 
of alcohol or acid. It occurs only when alcohol is present; it takes place with 
a mixture of alcohol, rendered specially free from traces of aldehyde, and 
chlorine-free hydrochloric acid, and further, the action is reversed by treatment 
under conditions of a mild hydrolysis. 

If the change is an esterification, it should be possible to bring it about 
by the use of other conditions for ester formation, whilst it should not occur 
under conditions in which ester formation does not take place. Experiments 
have been carried out on the action of a variety of alcohols and acids and of 
certain other compounds. In these, a shift in the final precipitation point 
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towards the alkaline side has been taken to indicate a loss of activity, and in 
a number of cases biological tests have confirmed it. 

The reagents, in the case of the higher primary alcohols, were made by 
adding one part 10 N acid to three parts of alcohol, or of an alcohol-acetone 
mixture, since with n-hexyl alcohol and higher homologues the reactants are 
not miscible without the addition of acetone. The experiments were carried 
out at 20°. 

With methyl alcohol the rate of change of both activity and final preci- 
pitation point is greater than with ethyl alcohol. Thus, 0-5 N 75 % methyl 
alcoholic hydrochloric acid reduced the potency from 17-9 to 3-7 units per mg. 
in 7 hours, as compared to 8-9 units per mg. with the corresponding ethyl 
alcoholic reagent. The changes in the final precipitation point are shown in 
Table VI. 











Table VI. 
Final precipitation point of insulin used: py 5-0. 
75 % methyl alcohol 75 % ethyl alcohol 
aoe, 7 ‘— A. 
HCl 0-25 N HCl 0-5 N HCl 0-25 N HCl 0-5 NV 
as it —— »~ £ — > s 7 
Final ppt. Final ppt. Final ppt. Final ppt. 
Time point Time point Time point Time point 
hrs. Pu hrs. PH hrs. Pu hrs. Dr 
16 5-6 3-5 5-5 16 5-2 16 5°5 
24 6- 19 6-5 24 5-3 24 5-6 
41 6-2 26 6-7 50 5-4 40 5-6 


Activity units per mg. 
Final precipitation point 





Time in hours 


Fig. 6. Rate of change of activity and final precipitation point. 

Curve I. —fPJ— —@— With 0-75 N HCl 75% glycerol. 

Curve II. —-— —x— With N HCl 75 % butyl alcohol. 

The results obtained with glycerol and butyl alcohol are shown in Fig. 6, 
and it is of interest to note that whilst the change in the final precipitation 
point is certainly somewhat more rapid with butyl alcohol than with glycerol, 
the rate of loss of activity is much greater. Thus, products may be obtained 
by the two reagents having the same final precipitation point but very 
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different activities, suggesting that different chemical compounds have been 
formed in the two cases, rather than that the same change in the configuration 
of the molecule has been induced by two different mixtures of acid and alcohol. 
0-75 N 75 % acid propyl alcohol reduced the potency to 11-0 units per mg., 
whilst a similar concentration of acid ethyl alcohol gave an almost identical 
figure of 10-9 units per mg. The shift in the final precipitation point was 
observed with all the other primary aliphatic alcohols up to n-octyl, with the 
aromatic primary alcohols—benzyl and phenylethyl alecohols—and with 
ethylene glycol. Some of the results obtained are given in Table VII. 

Preliminary potency tests have indicated some loss of activity in the case 
of amyl alcohol and ethylene glycol but have not been carried out after 
treatment with the other alcohols. 





Table VII. 
2-5 N HCl 75 % alcohol. 
n-Propy] alcohol isoButyl alcohol isoAmy] alcohol 
ra “ins Y = Shen Y c oo \ 
Final ppt. Final ppt. Final ppt. 

Time point Time point Time point 
hrs. Pu hrs. Pu hrs. Pu 
0-5 5-25 2-5 5-6 2-7 6-0 
1-5 55 5-0 6-6 5-0 6-5 
2-5 6-1 7-0 6-8 7-5 6-6 
5-0 6-6 24-0 71 24-0 6-9 
7-0 6-8 

19-0 0 


Mixtures of the secondary alcohols, isopropyl alcohol and cyclohexanol 
with 10 N hydrochloric acid (3 : 1) gave similar results (Table VIII), but the 
rate of change was much less than with the corresponding primary alcohol. 
In the case of isopropyl alcohol loss of activity was also observed. 





Table VIII. 
2-5 N HCl. 
75 % isoPropyl alcohol _ 75 % Cyclohexanol 
fs pss = A. 

Time Final ppt. point Time Final ppt. point 
hrs. Pu hrs. Pu 
2-7 5-1 3-5 51 
5-0 5-2 6-0 5-2 

24-0 5-7 29-0 5-8 


Mixtures of tertiary amyl alcohol and of terpineol (containing 50% 
acetone) with 10 N HCl (3 : 1) were without effect on the final precipitation 
point. 

It may be concluded that secondary alcohols produce a slower change than 
primary, and that with tertiary alcohols the change only occurs extremely 
slowly, if at all. This different behaviour of the various classes of alcohols is 
well known in the formation of esters with fatty acids. 

Hydrochloric acid can be replaced by phosphoric, nitric or sulphuric acids ; 
the last two render part of the insulin insoluble, but the final precipitation 
point of the soluble fraction is slowly changed towards the alkaline side. 








1020 F. H. CARR AND OTHERS 


Table [X shows the inactivation produced by different acids and ethyl 
alcohol. Whilst the activity of the original material is hardly changed by 
acetic or phosphoric acid, it is reduced to 10-9 units per mg. by hydrochloric 
acid under the same conditions. Thus, strong acids cause a more rapid change 
than weak ones. 


Table IX. 


Original potency: 17-9 units per mg. 
Temperature: 20°. 


Time (hrs.) Units per mg. 
Hydrochloric acid 0-75 N 75% 7 10-9 
Phosphoric acid 0-75 N 75% 7 17 
(calculated as tri- basic acid) 
40 N75% 19 <2 
Acetic acid 0-75 N 75% 7 17-2 


3°8 N 75 % alcoholic phosphoric acid changed the py of the final precipi- 
tation point to 5-7 in 24 hours and 6-5 in 46 hours; lower concentrations of 
acid had only a slight effect. 2-5 N 75 % alcoholic sulphuric acid changed the 
Py to 5-8 in 3 hours and 6-9 in 26 hours; lower concentrations were much less 
effective. 0-75 N 75 % alcoholic nitric acid changed the py to 6-0 in 23 hours. 
On the other hand, neither 0-8 N nor 3-2 N acetic acid with 75 % alcohol 
had any effect on the final precipitation point in 33-4 days at 20°. 

Ethyl alcohol, however, can be replaced by methyl alcohol; thus, 3-8 NV 
75 % methyl alcoholic phosphoric acid changed the py to 6-5 in 20 hours, the 
reaction proceeding more rapidly than when ethyl alcohol was used. 

Preliminary experiments on the reactivation of some of these inactive 
compounds have indicated that alkali causes a recovery of potency and shifts 
the final precipitation point back towards py, 5-0. 

The effects of a number of other compounds and hydrochloric acid upon 
the final precipitation point of insulin have also been investigated without 
the discovery of any which produced the shift towards the alkaline side. Thus 
no change in 4 days was caused by the following in 2-5 N hydrochloric acid: 
ketones (diethyl, methylethyl, methylisopropyl), mesityl oxide, cresol, phenol, 
glycollic acid and acetophenone (the last four required the addition of acetone 
to bring the insulin into solution). It appears therefore that the change only 
occurs in the presence of an alcohol. 


DIscuUssION. 

It has been shown that insulin can be inactivated by treatment with 
ethyl alcohol and hydrochloric acid, and that the original potency can be 
restored by action of dilute sodium hydroxide. It may be pointed out that the 
conditions used for reactivation are very similar to those determined inde- 
pendently by Freudenberg and Dirscherl, and Jensen and Geiling for insulin 
inactivated by acetic anhydride. The former used 0-03 N alkali at 1-3° for 
24 hours, and the latter 0-01 N at 0° for 15 hours, since they found that 
0-03 N sodium hydroxide destroys 30 % of the potency of crystalline insulin 
under these conditions. We worked with non-crystalline insulin, and found 
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that 0-042 N sodium hydroxide gave maximal reactivation. A preliminary 
experiment with crystalline insulin, kindly given to us by Dr D. A. Scott, 
gave evidence of inactivation and subsequent reactivation, but neither, using 
our standard conditions, appeared to be complete. 

From the fact that inactivation is produced by treatment with hydrochloric 
acid, and primary or secondary alcohols, but not by ethyl alcohol and acetic 
acid, whilst the accompanying change in the final precipitation point has 
been observed also in the case of other strong acids in the presence of ethyl 
alcohol, but not after treatment with hydrochloric acid and a ketone, phenol, 
glycollic acid, etc., we are of the opinion that the loss of potency is accompanied 
by esterification. The conditions used for this and for the reactivation, how- 
ever, are more gentle than those generally regarded as suitable for the synthesis 
and hydrolysis of an ester ; for this reason their observation may be of particular 
chemical interest. The fact that after partial inactivation the compounds may 
show different potencies for similar final precipitation points as in the case 
of the glycerol and butyl compounds, is also in favour of the change being an 
esterification. The recovery of the alcohol after hydrolysis of the compound 
by alkali would be evidence in favour of esterification. Inactivated insulin 
which had been kept in vacuo over sulphuric acid for 5 months showed the 
presence of a volatile substance oxidisable by potassium dichromate and 
sulphuric acid, to the extent of 4:1 °%, calculated as alcohol. Untreated 
insulin contained 0-8 %. These figures are suggestive, but there is the possi- 
bility of adsorbed alcohol in the insulin. 

The inference appears justified that the activity of insulin is dependent 
on one or more free carboxyl groups. 


SUMMARY. 

1. Insulin can be completely inactivated by treatment with ethyl alcohol 
and hydrochloric acid. 

2. At the same time the “final precipitation point” shifts towards the 
alkaline side. Such a change is characteristic of insulin inactivated by this 
method. 

3. Complete recovery of potency and of the original final precipitation 
point is obtained by treatment with dilute sodium hydroxide. 

4. Inactivation and change in final precipitation point can be effected by 
treatment with mixtures of other strong acids with primary or secondary 
alcohols. 

5. It is suggested that the change undergone by insulin on inactivation 
is an esterification. 
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CX. THE PROTEOLYTIC ENZYMES 
OF GREEN MALT. 


I. ADSORPTION AND ELUTION. 


By REGINALD HAYDN HOPKINS. 
From the Biochemical Laboratory, Heriot Watt College, Edinburgh. 


(Received August 16th, 1929.) 


INVESTIGATIONS on the proteolytic enzymes of green malt have so far led to 
conflicting conclusions and much of the evidence produced has been rendered 
inconclusive in the light of more recent knowledge. Windisch and Schellhorn 
[1900] found an enzyme which attacks the proteins of the malt, producing a 
slow but thorough autolysis at low temperatures (35-42°) and a more rapid 
but superficial one at higher temperatures (50°). The authors did not claim 
the necessary existence of two enzymes but pointed out the probability that 
the enzyme was more rapidly destroyed at the higher temperatures. Much of 
the evidence encouraging the opinion that at least two enzymes exist is based 
on this temperature effect, but in all experiments on enzyme action at different 
temperatures or different reactions, the varying rates of destruction of the 
enzyme must be taken into account. Weiss [1902] found two enzymes, 
respectively peptic and tryptic in character, whilst Adler [1915] considered 
only one enzyme to be present in aqueous extracts of malt, its optimum 
activity being at py 4-3 to 5-0 and 46°. Lundin [1922] found that two enzymes 
are present, a peptase with py optimum 3-2 (gelatin as substrate) and a 
tryptase with py optimum 6-3 (Witte’s peptone as substrate). The view that 
enzymes are characterised by their p,,-activity curves and optima has however 
been somewhat discredited in recent years. Northrop [1920, 1922] has brought 
forward evidence to show that in the cases of ordinary pepsin and trypsin 
the velocity of digestion depends, not on the dissociation of the enzyme, but 
on that of the substrate, pepsin reacting only with the protein cations and 
trypsin only with the anions. Willstatter, Grassmann and Ambros [1926], 
found that the vegetable proteases, papain and bromelin, exert optimum 
activities at the isoelectric points of certain substrates, and apparently react 
with the “Zwitterions.” It is quite possible, however, that the py-activity 
curve is a function of the dissociations of both substrate and enzyme. This 
view receives support from Northrop and Simms [1928]. The characterisation 
of an enzyme by its py optimum is also open to the criticism that properly 
purified preparations of the enzyme often show different properties in this 
respect from those of the crude preparations. 








ea 


as FF ANS Ste FS 











PROTEOLYTIC ENZYMES OF GREEN MALT 1023 


The kinetics of the proteolytic enzyme or enzymes of malt have not as yet 
received much attention, and the difficulty arises that, whilst such investi- 
gations would be best performed on purified preparations, the methods of 
purification cannot be worked out quantitatively without some knowledge of 
the kinetics. In this communication are given the results of a preliminary 
investigation of the adsorption properties of the enzymes and of their qualitative 
separation. 

A first attempt, following the method adopted by Vines [1908] with the 
proteases of hemp seed, consisted in the extraction of the green malt with 
10 % sodium chloride in an ice-chest. The filtrate was precipitated by the 
addition of the optimum quantity of acetic acid and this precipitate re- 
dissolved in water. The precipitated proteins adsorbed an appreciable fraction 
of the enzyme, but no high percentage of adsorption could be effected even 
when a saturated solution of edestin (hemp seed) in sodium chloride was first 
added to the malt extract before precipitation. 

The adsorption methods of the Willstatter school were then adopted. 
The adsorbents used were kaolin and aluminium hydroxide. In order to 
differentiate between the possible enzymes present the following substrates 
were employed. 

(1) Crystalline egg-albumin, on which the enzyme was allowed to act at 
45° in the presence of acetate buffers at py 4-6. These conditions are those of 
optimum proteolytic activity found by Adler [1915]. The action was stopped 
by slow addition of the withdrawn portion to boiling water and coagulation 
at 100° and at py 4:6 to 4-8, which is approximately the isoelectric point of 
egg-albumin. The quantity of albumin rendered non-coagulable under these 
conditions was taken to represent the action of any enzyme which attacks 
proteins as distinct from (e.g.) polypeptides. More than one author has stated 
that the enzyme of malt acts only with difficulty on egg-albumin, but under 
these conditions a very measurable activity is secured. 

(2) Witte’s peptone. The reaction was allowed to proceed at 45° and 
Py 4:6, and in some instances also at py 6-3 [Lundin, 1922]. The amount of 
action was measured by the formaldehyde titration. 

(3) Roche peptone, which is the product of an advanced hydrolysis of 
silk waste with concentrated sulphuric acid. This peptone is suitable for the 
detection of erepsin, as it contains glycyl-l-tyrosine. Here again the formal- 
dehyde titration was employed. 

From the results of the work it has been provisionally concluded that one 
protease is concerned in the action on albumin, and the more complex con- 
stituents of Witte’s peptone. Another enzyme, probably an erepsin, but 
perhaps better termed a peptidase, acts on some of the simpler peptides of the 
Witte’s peptone, and most, if not all, of the Roche peptone. The latter enzyme 
should be tested on specific substrates such as the di- and tri-peptides used 
by Waldschmidt-Leitz and his co-workers [1925, 1926] in their investigations 
on the enzymes of the pancreas. 
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Adsorption. The protease is adsorbed from a cold water extract of malt, 
to which 40 % by volume of acetone has been added, by alumina and less 
completely by kaolin. For example 0-33 % of aluminium hydroxide adsorbed 
about 35 % of the enzyme, 0-7 % about 60 %, and 1 % about 70%. 2% of 
kaolin only adsorbed about 50°, under comparable conditions. These 
percentages of the total protease are not necessarily strictly correct as they 
are based, not on velocity constants, but on the relative amounts of substrate 
transformed in equal times under the fixed conditions adopted in this work 
(see experimental section). The optimum adsorption by each adsorbent was 
from malt extract adjusted to about py 4-7, 7.e. in the neighbourhood of the 
probable isoelectric point of many of the proteins present. The adsorption was 
nil below py 3-5 and above py, 7-0. Either the enzyme itself is amphoteric in 
character, or more probably it is adsorbed along with concomitant substances, 
very possibly its natural substrates or the products of their fission, which are 
present in the malt extract. The peptidase behaves in general similarly but 
the optimum py, for its adsorption appears to be slightly higher. The 
amphoteric nature of the enzymes or of their concomitant substances is 
suggested, not only by their relationships of adsorption to reaction of medium, 
but also by their adsorption by both alumina and kaolin. 

Elution. The protease was best eluted by M/5 or M/10 KH,PO, or by 
M/10 acetate buffer mixture of about the same py (4-6). M/25 ammonia 
and M/10 K,HPO, eluted about a quarter as much, M/10 NaHCO, about 
one-tenth, M/2-5 NaHCO,, M/2-5 NaCl none. On the other hand the peptidase 
was eluted either by Roche peptone or by primary or secondary phosphate, 
either M/5 or M/10. A method of fractionation of the two enzymes is opened 
up by elution by phosphates at different reactions (Exps. 3 and 4). In Exp. 4 
the activity on Roche peptone was about equal for both elutions, but the acid 
elution had much the greater activity on albumin. The results obtained under 
identical conditions using a commercial malt extract instead of an aqueous 
extract of green malt show such markedly different ratios of activities on the 
respective substrates that this would appear to be further evidence of the 
existence of two enzymes. The activities on Witte’s peptone are intermediate 
in character, which suggests that both enzymes are acting here. Indeed it is 
very possible that the action exerted by malt extract on Witte’s peptone at 
acid reaction is mainly due to the protease, and that at alkaline reaction to 
the peptidase. Lundin’s [1922] p,,-activity curves for this substrate are mostly 
flat between py, 4-6 and 6-3 and are probably the resultants of two super- 
imposed curves. The small selectivity between the enzymes shown by ad- 
sorption by alumina at different reactions is illustrated by Exp. 5 where the 
adsorbents were eluted by K,HPO, and the activities of the elutions 
measured on the three substrates at two different intervals of time. 

A more complete separation of the enzymes was effected in Exp. 6 by 
adsorption in one case by kaolin at py 4:7 followed by elution by KH,PO, 
and a repetition of both processes. The final elution had a relatively good 
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action on albumin, less on Witte’s peptone, and still less on Roche peptone. 
Simultaneously from the same stock of malt extract an adsorption was made 
with alumina at py, 7-0 followed by elution by K,HPO, and a repetition of 
both processes. The final elution in this case had very little action on albumin, 
but more pronounced action on the peptones. Unfortunately the yields of the 
enzymes were very low. It is possible that only one enzyme throughout is 
concerned, and that an activator is necessary for one type of substrate (com- 
pare papain and HCN, which activates the action on the simpler substrates) 
and that this activator is adsorbed and eluted under certain conditions or is 
destroyed under certain conditions. 

It should now be possible to investigate the activities of these ee on 
various substrates with the minimum of mutual interference. 

While writing up this work the recent publication of the work of Mill and 
Linderstrom-Lang [1929] has come to my notice. These authors find that an 
extract of green malt has no action on acid albumin but has actions on gelatin, 
edestin, egg-albumin peptone, all of which are provisionally ascribed to a 
protease, and an action on leucylglycine due to a peptidase. This last enzyme 
is strongly inhibited by phosphates. I have since found that phosphate 
present in such concentration as M/15 or M/20 inhibits the action of malt 
extract on Roche peptone at py 4:6 only slightly, but more definitely (about 
10 to 20 %) at py 7-2. It is possible that phosphates inhibit this peptidase in 
all of its activities, or only when acting on certain substrates. 


EXPERIMENTAL. 


Preparation of malt extract. Green malt fully grown and ready for kilning 
was minced finely and extracted by frequent shaking with two and a half 
times its weight of water for 2 hours and then filtered rapidly. All the 
operations were performed in an ice-chest. A fresh quantity was prepared for 
each experiment. 

Preparation of substrates. (1) Albumin. Crystalline egg-albumin (Merck) 
was dissolved in cold water and filtered from the insoluble portion, and 
brought to py 4°6 by addition of HCl. Such solutions, containing about 5 °% 
of dissolved protein, were freshly prepared for each experiment. 

(2) Witte’s peptone. 5 % solution, the py being adjusted as required. 

(3) Roche peptone. As for Witte’s peptone. 

Adsorbents. (1) Aluminium hydroxide. That used in these experiments 
was of the type “aluminium hydroxide A” [Willstiitter and Kraut 1923] 
prepared by treating aluminium sulphate with an excess of 20 % ammonia 
heating in a current of steam for several hours and washing by decantation 
until free from ammonium salts. It was plastic and pale yellow. 

(A preparation of “aluminium hydroxide B” similarly prepared, but with 
much less heating, was also tested and gave similar adsorption results, except 
that the protease was more readily adsorbed by it from solutions of 
Px 6-5 to 7-5. A preparation of “aluminium hydroxide C,” prepared with 
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4 %, ammonia, at 60° and, after complete washing, preserved for 12 months, 
was white and granular. This preparation appeared to adsorb the peptidase 
more readily than the other preparations. It is hoped to test these two pre- 
parations further.) 

(2) Kaolin. “China clay” containing 81 % of silica was boiled with 20 % 
HCl for 1 hour and washed free from acid by decantation. 

Technique of adsorption. To the ice-cold aqueous extract of malt, after any 
preliminary adjustment of py, was added the adsorbent in the proportions 
stated in the various experiments, and acetone to 40 % of the total volume. 
The mixture was frequently and vigorously shaken in the ice-chest for half an 
hour, allowed to settle for a further half hour, and the adsorbent removed by 
centrifuging. Elutions were similarly performed. 


Enzyme actions. 


In all experiments controls on the boiled enzyme preparation were per- 
formed side by side under identical conditions. About 0-2 cc. of toluene was 
used as antiseptic. 

Albumin. Preliminary experiments showed that under the conditions 
adopted in these tests the velocity of degradation does not appreciably decline 
during the first 18 hours (see also Exp. 5). The actions, except where otherwise 
stated, were allowed to proceed for 16 hours at 45° and py 4-6 (the optimum 
conditions observed by Adler [1915]). The reaction was stopped by running 
the liquid slowly into 100 cc. of boiling water and further boiling without 
concentration for 20 minutes. The total nitrogen in the filtrate was deter- 
mined by the Kjeldahl process. 

Witte’s peptone. The action was allowed to proceed under the same con- 
ditions as for albumin except that py, 6-3 was sometimes employed as well as 4-6. 
The formaldehyde titration was used. 

Roche peptone. A short duration of action was found to be desirable when 
working at py 7-2. Except where otherwise stated the reaction at 7-2 was 
allowed to proceed for 6 hours at 37° and the reaction at py 4-6 for 16 hours 
at 45°. The formaldehyde titration was used. 

Buffer solution. Sodium acetate-acetic acid, M/2 with respect to each, 
Pu 46. 

Exp. 1. Adsorption by alumina at different reactions. 25 cc. of the malt 
extract (the py having been adjusted by the addition of the necessary 
quantities of N HCl or NaOH) + 0-25 g. of Al,(OH), + acetone to 40 % of 
the total volume. As acetone inhibits the activities of the enzymes, the residual 
activity of the mother-liquor after adsorption was not determined. Instead, 
the procedure was to mix the centrifuged adsorbent with 50 cc. of the sub- 
strate + 12-5 cc. of acetate buffers and shake frequently for 1 hoar at room 
temperature, and centrifuge. Two portions of 25 cc. of the clear liquid were 
withdrawn and the enzyme action in one of them checked at once by boiling 
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in the manner previously described in the case of albumin. The tests on the 
original malt extract were made on 10 cc. previously adjusted to py 4:6. 






Table I. Adsorption of the enzymes by alumina at various reactions. 


20 ce. of substrate +5 cc. of acetate buffers +enzymes equivalent to 10 cc. of the original malt 
extract. 
Time: 16 hours. Temperature: 45°. 






Action on 








Py of malt extract 
before adsorption 







Equivalent quantity 
of malt extract 








extract. 
Time: 16 hours. Temperature: 45°. 





Pr of malt extract 
before adsorption 





Equivalent quantity 
of malt extract 





Action on albumin 
ec. V/10 HCl 
0-0 
11-5 
14-6 
11-0 
9-5 
1-9 
0-0 


19-8 


Table IT. 


Action on albumin 
ec. V/10 HCl 


Roche peptone 
cc. N/10 NaOH 


SF SPrYlyPewo 
ADAOWAHS 


o 


Exp. 2. Adsorption of the enzymes by kaolin at various reactions. 25 cc. of 
the malt extract +0-5g. of kaolin+ acetone to 40% of total volume. 
Subsequent procedure exactly as for the alumina adsorptions. 






20 ce. of substrate +5 cc. of acetate buffers +enzymes equivalent to 10 cc. of the original malt 


Action on 
Roche peptone 
ce. V/10 NaOH 


->2 
CNW WOrFKkK COO 
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Exp. 3. Elution of the enzymes. 300 cc. of malt extract, brought to 
Px 4:6, were treated as before with 6 g. of kaolin. The adsorbent was mixed 
with water, and divided into five equal portions. These were now eluted 
with solutions as in Table III, 50 cc. of the elutrient being used in every case. 


The alkaline phosphates were obtained by addition of NaOH to KH,POQ,. 





















Elutrient 






Table IIT. 


20 cc. of substrate +5 cc. of acetate buffers + 10 cc. elution. 
Time: 16 hours. Temperature: 45°. 


Action on 
albumin 


ec. N/10 HCl 







Action on 


Witte’s peptone 
ec. N/10 NaOH 


M/10 KH,PO, py 4:5 9-9 7-2 
M/10 phosphate py, 6-8 8-8 6-8 
M/10 NaK HPO, py 9-2 2-3 3-0 
M/10 acetate py 4:6 12-4 10-4 
M/25 ammonia 4-2 — 
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After centrifuging, 10 cc. of the clear portion were used for each test and each 
control after the necessary adjustment to py 4-6. The KH,PO, elution was 
treated with equivalent NaOH and HCl to bring the NaCl content equal to 
that of the treated alkaline phosphate elution. 

Exp. 4. The conditions of this experiment were as in the previous one, but 
the actions on Roche peptone at py 4-6 for 16 hours at 45°, and at py 7-2 for 
6 hours at 37° were also measured. Two-thirds of the adsorbents were eluted 
with NaKHPO, and the remaining one-third with KH,PO,; thus the activities 
of the alkaline elutions represent twice as much of the original malt extracts 
as those of the acid elutions. The commercial malt extract used for the second 
half of Table IV was diluted to 40 % of its original concentration before 
adsorption. 


Table IV. 


20 cc. of substrate +5 cc. of acetate buffers (except for the py 7-2 experiment on Roche peptone) 
+10 cc. of elution. 
Time: 16 hours. Temperature 45°. 
Action on Roche peptone 
— 


Action on Penta erga 
Action on Witte’s Py 72 
albumin peptone Py 46 6 hrs. 37° 
ec. N/10 ec. N/10 ec. V/10 ec. N/10 
Elutrient Pu HCl NaOH NaOH NaOH 
Green malt extract: 
M/10 phosphate 4-5 7-2 4-90 2-70 298 
M/10 phosphate 9-2 4:8 4-20 2-60 4-0 
Commercial malt extract: 
M/10 phosphate 4-5 1- 3-05 2-15 2-7 
M/10 phosphate 9-2 0-7 2-75 1-85 2-8 


Exp. 5. Adsorption by alumina at different reactions, followed by elution. 
100 cc. of malt extract (adjusted to the conditions of py stated in column 1) 
+ 1g. Al,(OH),. Each adsorbent was washed once and eluted with 50 ce. 
of M/5 K,HPO,. After centrifuging the clear portions were diluted to 60 cc. 


Table V. 


20 cc. of substrate +5 cc. acetate buffers + 10 cc. of elution (after py adjustment to 4-6). 
Times as stated. Temperature 45°. 


Action on albumin Action on Action on Roche peptone 

ec. V/10 HCl Witte’s peptone ec. N/10 NaOH 

Py of malt extract po eS ce. N/10 NaOH a 

before adsorption 4} hrs. 18 hrs. 18 hrs. 4} hrs. 18 hrs. 
4-6 2-8 10-0 5-0 1-4 4:8 
5-0 1-8 8-2 4-7 1-6 5-4 
5-5 1-1 5:8 3°45 1-0 4-2 

Equivalent quantity 

of malt extract 9-0 26-0 12-5 5-0 12-0 


These figures show a progressive increase of the ratio peptidase : protease 
with alkalinity of adsorption. 

Exp. 6. Fractionation of the enzymes by repeated adsorption and elution. 
300 cc. of malt extract at py 4°7 + 5-4g. of kaolin. Eluted with 50 cc. of 
M/5 KH,PO, and re-adsorbed with 5-4 g. of kaolin. Re-eluted with 50 cc. 
of M/5 KH,PO, and made to 120 cc. 






2ach 
was 
1 to 


but 
for 
ted 
ties 
cts 
nd 


ore 


ne) 





PROTEOLYTIC ENZYMES OF GREEN MALT 1029 


300 cc. of the same stock of malt extract at py 7-0 + 2-0 g. of Al,(OH),. 
Eluted with 50 cc. of M/5 K,HPO, and re-adsorbed at py 7-0 with 2-0 g. 
Al,(OH),. Re-eluted with 50 cc. of M/5 K,HPO, and made to 120 cc. 


Table VI. 


20 ce. of substrate +5 cc. of acetate buffers (except in column 3, Witte’s peptone, and column 6, 
Roche peptone) + 10 ce. of elution (py adjusted). 
Times as stated. Temperature 45° except in column 6. 





Action on 
Witte’s 
peptone Action on Roche peptone 
Action on albumin ec. N/10 ec. V/10 NaOH 
ec. N/10 HCl NaOH -— A + 
Se Py 6-3 Py 46 Py 46 Ppa 7-2 
12 hrs. 18 hrs. 18 hrs. 24 hrs. 12 hrs. 24 hrs. 
Acid adsorption and 2 
elution 1-8 2-1 0-9 0-2 0-5 0-4 
Alkaline adsorption and 
elution 0-4 0-4 2-0 1-5 3-6 2-9 
Half of equivalent quan- 
tity of malt extract 12-4 17-1 7-6 2-8 6-4 3-0 


SUMMARY. 


1. A cold aqueous extract of green malt appears to contain at least two 
proteolytic enzymes (a) a protease, which renders egg-albumin non-coagulable 
at py 4:6 and 100°, and attacks Witte’s peptone; (b) a peptidase, which 
attacks Witte’s peptone and Roche peptone. These enzymes presumably 
attack different constituents of Witte’s peptone. 

2. In their adsorption properties the enzymes behave as ampholytes, 7.e. 
are maximally adsorbed at about py 4-7. This property may be due to con- 
comitant substances. 

3. The enzymes may be separated by elution by M/10 phosphate, the 
peptidase being favourably eluted in alkaline medium and the protease in 
acid medium. By adsorption and elution twice at py 4-5 a preparation of 
the protease almost free from peptidase is obtained, and, by adsorption at 
Py 7-0 and elution at p, 9-2 and a repetition of both processes a preparation 
of peptidase almost free from protease is obtained. 
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Owrnce to the general biological significance of lecithin it was considered to be 
of importance to carry out a systematic physico-chemical investigation of its 
properties and behaviour. This is now rendered possible through the researches 
of MacLean and of Levene as a result of which the substance may be obtained 
in a high degree of purity. The present paper deals with one aspect of the 
behaviour of pure lecithin, namely its capillary activity when dispersed in 
aqueous solutions at various py values, and likewise in “solution” in alcohol- 
water mixtures also at different p, values. The effects produced by the 
presence of certain salts in aqueous solution at different p,, values have likewise 
been determined. 


EXTRACTION AND PURIFICATION OF LECITHIN. 


The lecithin was extracted from fresh egg yolks and purified by the 
method of Levene and Rolf [1927]. In order to minimise oxidation of the 
lecithin the material, wherever possible, was manipulated in an atmosphere 
of dry nitrogen. The yield of lecithin obtained varied with different batches 
of eggs but a rough average was about 15 g. of lecithin from ten dozen eggs. 

The purity of the lecithin obtained was tested by hydrolysing a sample 
with hydrochloric acid and estimating the total amount of nitrogen present 
by the Kjeldahl method, and the percentage of amino-nitrogen present by 
the Van Slyke method. The percentage of amino-nitrogen gives the amount 
of kephalin mixed with the lecithin. 

The samples tested gave the correct value for total nitrogen and contained 
no amino-nitrogen. Hence it was concluded that the samples were pure 
lecithin free from kephalin and other impurities. 
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Analysis. 

1-720 g. lecithin was hydrolysed with 10% hydrochloric acid and the filtrate made up 
to 25 ce. 

Samples of this solution were analysed for amino- and for total nitrogen. 
Kjeldahl estimation. 
5 cc. required 4-55 cc. 0-097 N HCl 
5 ce. required 4-50 cc. 0-097 N HCl 


Mean 4-53 cc. 0-097 N HCl 


Found: N=1-79 %. 
Calculated for lecithin: N=1-80 %. 
(5 ce. gave no nitrogen in Van Slyke’s apparatus.) 





THE CAPILLARY METHOD EMPLOYED. 


St Johnston [1927] has found that the surface tension of protein solutions 
varies with py in a manner such as to give a maximum value at the isoelectric 
point of the protein. He measured the surface tension by Sugden’s [1922, 1924] 
maximum bubble pressure method. This is a dynamic method and conse- 
quently gives the value of the surface tension of a freshly formed surface. 
It is thus sharply distinguished in principle from the results which would be 
given by a static method in the case of colloidal and dispersed materials which 
would be likely to show surface aggregation and precipitation. 

The surface tensions (measured by Sugden’s method), as recorded in this 
paper, are reproducible within the limit of the experimental error, namely 
+ 0-5 % of the value recorded. Some of the dispersions have been purposely 
kept over considerable periods of time (up to 36 hours) and on measuring the 
dynamic surface tension the same values have been obtained. Again, after 
measuring the surface tension at a given py, the pq has been altered and 
ultimately brought back to the initial value. The surface tension has likewise 
been found to return to the value obtained for a freshly prepared dispersion 
of lecithin having the same lecithin content. Further, the time taken to form 
the bubble has been varied between 1 second and 4 seconds; this variation 
has not produced any change in the value for the surface tension. In view of 
these observations it is felt that the surface tension values recorded possess 
a real significance and serve to characterise the surface activity of lecithin 
dispersions and solutions in respect of their dynamic (but not necessarily their 
static) behaviour. 

The method consists essentially in measuring the pressures required to 
draw bubbles of air through the solution under investigation, from two tubes 
of different diameters. The difference between these pressures is substituted 
in an empirical expression from which the surface tension of the solution is 
calculated. 

As the longest time taken by a bubble to form and break is 4 seconds, any 
alteration in the surface tension value as a consequence of an electric charge 
acquired by the air bubble as it is forced through the liquid, is negligible; 
Currie and Alty [1929] have shown that the time required by an air bubble to 
acquire its full charge, even in pure water, is not less than 200 seconds. 
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The apparatus was calibrated with pure benzene and tested against 
distilled water and found to be accurate to within 0-5 %. 

The pq values were measured, at 25°, by means of a gold-quinhydrone 
electrode [Corran and Lewis, 1924]. The surface tension measurements were 
carried out in a thermostat at 25° (+ 0-05°). 


Surface tension of lecithin dispersed in water. 


Surface tension measurements were carried out on 05% and 01% 
dispersions of lecithin in water, at various py, values. A stock 1 °% dispersion, 
prepared by shaking lecithin with water, was diluted to the requisite con- 
centration with hydrochloric acid or sodium hydroxide solution. The density 
of each of several of these dispersions was determined and found to deviate 
very little from unity and consequently the density of the dispersions was 
taken as unity in calculating the surface tension. Each reading of the pressure 
difference, used to calculate the surface tension, was the mean of five readings 
taken at different rates of bubbling from 1 bubble per second to 1 bubble per 
4 seconds. As a preliminary a table is given for the surface tension of water 
and aqueous solutions of hydrochloric acid and sodium hydroxide covering 
the range of py employed in the case of the lecithin dispersions. 


Table I. Showing the variation of the surface tension with p,, for acid-alkaline 
solutions in water at 25°. 


Surface tension Surface tension 
Pu (dynes/cm.) Pu (dynes/cm.) 
0-01 70-7 3°95 71-6 
0-26 70-7 5-80 71-5 
1-12 71:3 7-00 71-7 
1-39 71-5 7-85 71-7 
2-27 71-5 


The values given above form one of the curves of Fig. 1. 


Table II. Showing the variation of the surface tension with p,, when using 
0-5 % aqueous dispersions of lecithin at 25°. 


Surface tension Surface tension 
Pu (dynes/cm.) Pu (dynes/cm.) 
0-15 66-4 3-07 65-2 
0-36 63-9 3-28 62-2 
0-80 46-6 3-50 56-2 
0-97 42-9 3-80 55-5 
1-20 40-6 4-26 64-6 
1-46 45-1 4-36 66-4 
1-69 56-5 4-63 66-5 
1-70 56-6 6-00 66-5 
2-14 66-8 6-89 66-5 
2-26 67-4 7-80 66-7 
2-78 68-6 8-10 66-4 


66-2 
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Table III. Showing the variation of the surface tension with p,, when using 
0-1 % aqueous dispersions of lecithin at 25°. 


Surface tension Surface tension 

Pu (dynes/cm.) Pu (dynes/cm.) 
0-00 68-5 2-55 71-2 
0-40 68-9 2-70 70-8 
0-63 68-9 2-82 70-0 
0-74 69-0 3-10 67-5 
1-14 67-0 3-32 66-1 
1-38 58-4 3-51 67-0 
1-84 62-3 3°83 68-2 
2-00 64-9 4-73 69-6 
2-07 65-0 6-85 70-2 
2-21 68-8 7-54 70-8 
2-34 70-3 


The curves obtained by plotting the surface tension values agamst the 
Py Values for the 0-5 % and the 0-1 % dispersions are shown in the graphs, 
Fig. 1. It will be noticed that the maximum surface tension occurs at py 2-6 in 
both curves. This value is therefore taken as the isoelectric point of lecithin 
and it will be seen to agree with the value obtained using alcoholic solutions 
of lecithin (described later) and with the value 2-7 obtained by Fugii [1923-24] 
from the distribution ratio of lecithin between water and ether at different 


Py Values. 
ee | 
Me 






Surface tension (dynes/cm.) 


—— wa 7 
Pu 
Fig. 1. 
—x—x— 05% pure lecithin. —Oo—o— 0-1% pure lecithin. 
—O—-O}— 0-5 % commercial lecithin. —a—a— Values for water (+ HCl or NaOH). 


It is not known with certainty at the present time whether lecithin at the 
isoelectric point, that is, in the isoelectric condition, exists as electrically 
uncharged units or in the form of zwitterions [Bjerrum, 1923]. In view of the 
strength of the acidic grouping it is highly probable that the material exists 
in the zwitterion form. Owing to the equivalent amounts of positive and 
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negative electricity on each lecithin unit the surface tension will approximate 
to that of the solvent, namely 0-0025 N hydrochloric acid. Thus at the iso- 
electric point the surface tension would be expected to be a maximum. 
Comparison of the curves obtained by St Johnston for proteins shows con- 
siderable resemblance to the curve obtained for lecithin. The curves have a 
maximum surface tension at the isoelectric point with a “secondary maximum” 
on either side. Thus both curves should be amenable to the same sort of 
explanation. 

If the zwitterion condition be assumed for lecithin at the isoelectric point 
the y-py curve (where y stands for the surface tension) may be anticipated on 
the basis of simple orientation considerations as follows. A single lecithin 
unit in the isoelectric state may be represented thus: 
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A row of such units aligned in the surface layer in such a way as to “neutralise” 
their mutual charges may be represented diagrammatically as in A, Fig. 2. 
Owing to equivalent amounts of positive and negative electricity the surface 
tension approximates to that of the solvent. The several charges on each group 
in the figure are supposed to represent the existence of groups of molecules 
instead of a simple molecule. It is not intended that any significance attaches 
to the choice of three such charges. The horizontal line in each of the diagrams 
of the figure is intended to represent the median line of the surface layer. 
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Fig. 2. 


If we consider a point slightly on the acid side of the isoelectric point 
the surface layer has now more positive charges relative to negative than in 
Fig. 2 A. This condition is shown in Fig. 2 B. The surface tension is therefore 
reduced owing to electrical repulsions. 

As we go still further on the acid side of the isoelectric point a region is 
reached where the positive charge largely predominates thus lowering the 
surface tension to a minimum as shown in Fig. 2 C. 

Naturally a purely static arrangement is unstable and thermal agitation 
would bring about such changes as are represented by Fig. 2 D. 
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General experience has shown that ions and electrically charged groupings 
usually become solvated. There will therefore be a tendency for the state 
represented in Fig. 2 D to alter in the sense that the most highly charged 
portions will tend to immerse themselves. Thus in the case considered the 
positively charged groups tend to point downwards into the solution. As the 
solution becomes more acid the acidic hydroxyl groups in the lecithin unit 
become practically un-ionised and the configuration approaches that repre- 
sented in Fig. 2 EZ. All the positively charged groups now point downwards 
into the solution and the surface tension is affected only by the un-ionised 
(uncharged) acidic groups. Hence in the attainment of the configuration E£, 
the surface tension will rise towards that of the acid solution itself. 

In this manner it is suggested that the surface tension first falls and then 
rises as we pass from the isoelectric point to the more acid region. Exactly 
analogous considerations may be applied to the py region on the alkaline side 
of the isoelectric point. 

Thus on theoretical grounds one would expect a maximum value of the 
surface tension at the isoelectric point with a “secondary maximum” on either 
side. This is what is found in the case of egg-albumin by St Johnston and by 
the writers in the case of lecithin. In the curve for lecithin, the fact that the 
minimum values of the surface tension at py 1-20 and at py 3-70 are not the 
same is possibly due to the different combining capacities of the acidic and 
the basic groups in the lecithin molecule. 

For the sake of comparison the y-pg curve for commercial egg-lecithin 
from a reputable source has been likewise included in Fig. 1. The nature of 
the latter emphasises the importance of working with the pure material. 


Surface tension of aqueous-alcoholic solutions of lecithin. 


To compare the behaviour of the relatively coarse dispersion of lecithin 
in water with the finest dispersion possible, experiments were carried out with 
lecithin dissolved in water rich in alcohol. 

Lecithin dissolves in absolute alcohol very readily and as will be shown 
later it forms a true solution in this solvent. It also dissolves in aqueous- 
alcoholic solutions (above 65 % alcohol) giving a solution which is water clear. 
It is probable that the aqueous solutions of lecithin are true solutions, that is, 
dispersion of the solute has proceeded to the molecular limit. 

A stock 2 % solution of pure lecithin in absolute alcohol was prepared and 
diluted, in the one case to 1-4 % in 70 % alcohol and in another case to 1 % 
in 75 % alcohol, by adding hydrochloric acid solution. 

All surface tension measurements were made in a thermostat at 25° and 
all », measurements were made at the same temperature using a gold- 
quinhydrone electrode. However, owing to the varying solubility of quin- 
hydrone in alcohol-water mixtures it was necessary to use a different value 
of Z, (in the expression for py in terms of the E.M.F.) from that used in the 
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case of aqueous solutions. The value of ZH, used was taken from a table of 
values of E, for alcohol-water mixtures given by Millet [1927]. 




















Table IV. Showing the variation of surface tension with pj, when using 
a 1-4 % solution of lecithin in 70 % alcohol at 25°. 


Surface tension Surface tension 

Pu (dynes/cm.) Pu (dynes/cm.) 
2-11 26-0 3-08 26-9 

2-15 26-2 3°14 26-3 

2-34 26-6 3°27 26-2 

2-57 27-3 3°44 26-1 

2-83 26-8 4-03 26-2 

2-91 26-2 


Table V. Showing the variation of surface tension with pj, when using 
a 1 % solution of lecithin in 75 % alcohol at 25°. 











Surface tension Surface tension 

Pu (dynes/cm.) Pu (dynes/cm.) 
2-35 3-16 25-6 
2-49 3-19 25-4 
2-68 3-58 25-1 
2-90 25-6 
3-07 

3 

5 

o 

Pu 
Fig. 3 
—o—o— 14% lecithin in 70% aleoholh —x—x— 1-0% lecithin in 75 % alcohol. 


The results obtained on plotting surface tension against pq values, are 
shown in the graph, Fig. 3. It will be seen that the maximum surface tension 
in both curves is at py 2-5-2-6, and taking this as the isoelectric point of 
lecithin it agrees very well with the value obtained with lecithin dispersed in 
water and with the value 2-7 obtained by Fugii by an entirely different method. 
It will be observed at the same time that in the presence of alcohol the total 
variation in the absolute value of the surface tension is very small compared 
with that found for the dispersions in water; in fact the variations in the case 
of alcohol are just outside the experimental error of the method employed. 

The curves obtained for the variation of the surface tension of lecithin with 
the py seem at first sight to be contradictory to the behaviour of substances 
such as the proteins. St Johnston and Peard [1925] found that for surface 
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tension-py curves at 25° the effect of decreasing the concentration of gelatin 
was to increase the surface tension. In the curves for lecithin the value obtained 
for the surface tension of the 1-4 % solution was always greater than that 
obtained for the 1 % solution at the same py value. That this anomaly is 
only apparent can be understood when it is remembered that the 1-4 % 
solution was in 70 % alcohol while the 1 % solution was in 75 % alcohol. 
Firth [1920] and Bircumshaw [1922] using the “drop weight” method and, 
working on the surface tension of alecohol-water mixtures, found that between 
10 % alcohol and 90 % alcohol the surface tension of the mixture decreases 
progressively as the percentage of alcohol increases. Thus the difference 
between the surface tension values caused by the differing concentration of 
lecithin is more than counterbalanced by the differing concentration of the 
alcohol. Hence the surface tension of the 1-4 °% solution of lecithin is greater 
than that of the 1 % solution at the same py value. 

As already mentioned the variation of the surface tension with py in the 
aqueous-alcoholic media is very limited in range, 7.e. of the order of 1 dyne. 
A much wider range was obtained for aqueous dispersions. It is not unlikely 
that this is due to the fact that in alcoholic solutions the tendency to ionise 
at all is largely suppressed so that lecithin resembles more closely a non- 
electrolyte at all p, values. It may be concluded however that the type of 
capillary activity exhibited by lecithin dispersions in water is essentially a 
quality of the individual molecules composing the aggregates. 


The influence of neutral salts on the surface tension of suspensions 
of lecithin in water. 

This section of the investigation may be divided into two parts: 

(a) the variation of the surface tension of a 0-5 % dispersion of lecithin 
with py, in the presence of a constant concentration of salt; 

(b) the variation of the surface tension of a 0-5 % dispersion of lecithin 
with salt concentration, at constant py. 

The surface tensions and py, values were measured as before, at 25°. 


Table VI. Showing the effect of 0-1 N sodium chloride on the surface tension 


of 0-5 % aqueous dispersions of lecithin at various p,, values. 


Surface tension Surface tension 
Pu (dynes/cm.) Pu (dynes/cm.) 
0-51 59-8 2-45 60-6 
0-88 67-4 2-88 56-8 
1-25 62-6 3-02 57-5 
1-45 60-3 3°28 60-8 
1-69 60-0 3°36 63-3 
1-78 61-3 3°92 69-3 
1-92 62-5 4-65 70-0 
2-06 63-3 5-45 70-3 
2°37 66-4 7-02 70-2 


It will be noticed (Fig. 4) that the maximum value corresponding to the 
isoelectric point in the “‘salt-free” curve has been moved slightly to the 
acid side in the presence of salt. 
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Table VII. Showing the effect of 0-1 N calcium chloride on the surface tension 
of 0-5 % aqueous dispersions of lecithin at various p,, values. 


Surface tension Surface tension 
Py (dynes/cm.) py (dynes/cm.) 
0-65 62-0 2-74 58-8 
0-98 67:3 2-90 56-9 
1-22 65-0 3°14 56-0 
54-2 3°56 59-0 
62-8 3°86 62-8 
57-0 4-00 63-7 
66-8 ° 67-0 
69-0 ef 69-0 
69-3 69-0 
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0-5 % salt-free lecithin. 


70°00 


Surface tension (dynes/cm. ) 


—x—x— 05% salt-free lecithin. : —O— 0-5 % lecithin + 0-1 NV 
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As in the case of sodium chloride the maximum on the curve indicating 
the isoelectric point is shifted slightly to the acid side. The magnitude of the 
shift is the same as that in the case of sodium chloride. This is probably due 
to the concentration of the chloride ion being the same in both cases. The shift 
of the maximum is in agreement with the results of other investigators. 
Cohn [1922], working with the proteins serum-globulin, caseinogen and 
tuberin, found that “multivalent ions even in low concentration shift the 
point of maximum precipitation to a hydrogen ion concentration other than 
the isoelectric point of the protein.” He also found that “even uniunivalent 
salts of the type of sodium chloride in relatively low concentrations may 
shift the maximum precipitation and therefore the apparent isoelectric point 
of tuberin and serum-globulin to a slight degree.” Schréder [1928], investi- 
gating the influence of inorganic ions on dispersions of egg-albumin and 
haemoglobin at different hydrogen ion concentrations, noted that anions shift 
the maximum flocculation toward the acid side. Whether, in the case of 
lecithin, the alteration in the isoelectric point is real or only apparent it is 
not possible to determine on the evidence thus far available. The results of 
Tables VI and VII are given in Figs. 4 and 5. For the sake of comparison 
the py curve in the absence of salt is reproduced in both. 


Table VIII. Showing the effect of calcium chloride on the surface tension of 
0-5 % lecithin dispersions at p,, 1-66. 


Salt Surface tension Salt Surface tension 
concentration (dynes/cm.) concentration (dynes/cm.) 
0-000 V 55-0 0-060 NV 58-0 
0-010 69-3 0-070 58-4 
0-026 61-3 0-080 57-2 
0-030 60-9 0-090 57-6 
0-040 59-5 0-100 57-0 


The results are plotted on the graph, Fig. 6. 


Surface tension (dynes/cm.) 


0-02N O°04N Q°06N O°08N O-1N 
Concentration of salt 
Fig. 6. 
—Oo—o— 05% lecithin + CaCl,. —x—x— 0°5 % lecithin + NaCl. 


Biochem. 1929 xxn1 66 
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Table IX. Showing the effect of sodium chloride on the surface tension 
of 0-5 % lecithin dispersions at p,, 1:66. 


Salt Surface tension Salt Surface tension 
concentration (dynes/cm.) concentration (dynes/cm.) 
0-000 V 55-0 0-040 NV 64-5 
0-006 62-3 0-050 63-0 
0-010 65-3 0-060 61-4 
0-020 70-3 0-080 59-4 
0-030 69-9 0-100 59-8 


These values are likewise plotted on the graph, Fig. 6. 


Table X. Showing the effect of calcium chloride on the surface tension 
of 0-5 % lecithin dispersions at py, 2-40. 


Salt Surface tension Salt Surface tension 
concentration (dynes/cm.) concentration (dynes/cm.) 
0-000 V 68-5 0-050 NV 62-8 
0-010 69-6 0-060 61-7 
0-020 71-4 0-070 64-8 
0-030 67-8 0-080 69-0 
0-040 69-7 0-100 69-3 


The above results were plotted and the curve shown in Fig. 7 obtained. 


Surface tension (dynes/cm.) 





Oo O-02N O0°04N OO6N O08N O1N 


Concentration of salt 
Fig. 7. 
—O—OoO— 05% lecithin + CaCl,. —x—x— 05% lecithin + NaCl. 


Table XI. Showing the effect of sodium chloride on the surface tension 
of 0-5 % lecithin dispersions at py 2-40. 


Salt , Surface tension Salt Surface tension 

concentration (dynes/cm.) concentration (dynes/cm.) 
0-000 NV 68-5 0-050 NV 58-6 
0-006 57-3 0-063 60-2 
0-013 62-0 0-080 61-8 
0-025 66-0 0-100 64-0 
0-037 59-3 


These values are likewise plotted on the graph, Fig. 7. 
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Table XII. Showing the effect of calcium chloride on the surface tension 
of 0-5 % lecithin dispersions at py 4:50. 


Salt Surface tension Salt Surface tension 

concentration (dynes/cm.) concentration (dynes/cm.) 
0-000 V 66-5 0-060 V 68-9 
0-010 61-3 0-070 66-3 
0-020 62-3 0-080 64-0 
0-040 63-9 0-100 67-0 
0-050 66-4 ‘ 


These results, when plotted, gave the curve shown in Fig. 8. 


Table XIII. Showing the effect of sodium chloride on the surface tension 
of 0-5 % lecithin dispersions at py 4:50. 


Salt Surface tension Salt Surface tension 


concentration (dynes/cm.) concentration (dynes/cm.) 
0-000 NV 66-5 0-060 NV 60-0 
0-010 68-2 0-066 59-0 
0-020 69-4 0-080 62-8 
0-040 68-8 0-100 69-9 
0-050 64-2 





Surface tension (dynes/cm). - 


0:02N 0:04N O-06N O0-08N O1N 
Concentration of salt 
Fig. 8. 
—O—OoO— 0°5 % lecithin + CaCl,. —x—x— 0°5% lecithin + NaCl. 


These values are likewise plotted on the graph, Fig. 8. 

It is evident that the effects produced by simple salts upon the surface 
tension of lecithin suspensions is far from negligible and at the same time is 
of a much more complex character than might have been anticipated. It 
would be altogether premature at the present stage of the work to attempt 
an explanation of the effects. Doubtless they are associated with the “chemical” 
change of the lecithin from the state of cation, through zwitterion, to anion, 
and at the same time with “ physical” changes in the structure and hydration 
of the micelles. On comparing Figs. 6, 7 and 8 it will be seen that on the acid 
side of the isoelectric point the curves for sodium chloride and calcium chloride 
resemble one another to a certain extent. This might be expected in view of 
the fact that at this region the lecithin is positively charged and therefore 
the anion of the salt, namely the chloride ion in both cases, is probably operative. 

66—2 





1042 H. I. PRICE AND W. C. M. LEWIS 


On the other hand, on the alkaline side of the isoelectric point lecithin is 
negatively charged and therefore the salt cations are likely to be involved. 
The antagonistic effect of Ca++ and Na+ is indicated in Fig. 8. 

The molecular weight of lecithin. Applying Menzies’s [1921] differential 
thermometer to ebullioscopic measurements after the manner of Menzies and 
Wright [1921], the molecular weight of pure lecithin has been determined in 
ethyl alcohol and in benzene. The molecular weight of commercial lecithin 
was also determined in both solvents. It may be mentioned that the mani- 
pulation of lecithin for the molecular weight determinations presents certain 
difficulties. It was found convenient to weigh the substance in tubes of very 
thin glass, open at both ends to facilitate dissolution in the solvent. 

In ethyl alcohol the molecular weight of pure lecithin was found to be 
797, that of commercial lecithin 766. Scott [1916], using commercial lecithin 
and the ordinary rise-in-boiling-point method, found the molecular weight in 
ethyl alcohol to be consistently 1300, and he speaks of polymerisation in view 
of his results with glucose. 

In benzene the molecular weight of pure lecithin was found to be 3388 
while the value for commercial lecithin was 2994, showing polymerisation in 
this solvent. 

The value of 797 for the molecular weight of lecithin in ethyl alcohol lends 
support to the simpler of the two possible molecular structures suggested by 
Levene and Rolf [1921]. 


SUMMARY. 


1. Pure egg-lecithin has been prepared by the method of Levene and Rolf. 
2. The capillary behaviour of egg-lecithin has been studied and the 


surface tension-py curves plotted for two concentrations in the case of aqueous 
dispersions and for two concentrations in the case of the aqueous-alcoholic 


solutions. 

3. From the surface tension-py, curves the isoelectric point of lecithin has 
been determined and the value obtained when using aqueous dispersions is 
similar to that obtained when using aqueous-alcoholic solutions, namely 2-6. 
This value also agrees fairly well with Fugii’s value of 2-7 for the isoelectric 
point of lecithin. 

4. An explanation of the surface tension-py curves, on the basis of simple 
orientation considerations has been offered. 

5. The effects produced by the presence of salts such as sodium chloride 
and calcium chloride upon the surface tension-py, relation for dispersions of 
lecithin have been measured. The effects are of an unexpectedly complex 
character. 

6. The molecular weight of egg-lecithin has been found to be 797 in ethyl 
alcohol and 3388 in benzene. The value in alcohol serves to discriminate 
between the two possible structures suggested by Levene and Rolf. 
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Tue domestic hen produces up to 200 eggs per annum or approximately 
ten times the number intended by nature for the propagation of the species. 
This high level of productivity has been brought about by selective breeding 
and by appropriate dieting. The absorption of food and the physiological 
processes responsible for its transformation into the materials of the egg must 
therefore be maintained at a high level of activity for considerable periods 
during the active sexual life of the fowl. Very little is known of either the 
manner or the site of the transformation of the absorbed food into egg material. 
If the transformation occurs in any site other than the ovary and oviduct, 
the passage of the transformed materials in the blood-stream to the sexual 
organs must involve corresponding changes in the composition of the blood. 
To test the validity of this hypothesis an investigation was begun at this 
Institute, which dealt in particular with the composition of the blood and 
tissues during growth, egg production and moulting. The histological appear- 
ance of several of the ductless glands was also studied. 

This paper is based on the changes observed in the iodine content and 
structure of the thyroid and in the iodine contents of the ovary and ova. 

Material. The birds used were White Leghorns from the same source and 
of approximately the same age. They were housed under normal conditions, 
having free access to grass. The ration consisted of wheat offal, oats, maize 
and fishmeal. Both diet and management were kept constant. 

Method. A bird was removed from the pen at intervals, and starved for 
18 hours. The jugular vein was cut, the blood being collected for various 
analyses. The bird was then weighed and a post-mortem examination made. 
The thyroids were dissected out, freed from the parathyroids and adhering 
tissue and weighed. One lobe was kept for histological examination and the 
other digested in 10% KOH and used for the estimation of iodine. The 
method employed was the Leitch-Henderson [1926] modification of Fellen- 
berg’s procedure. 
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RESULTS. 
Table I. 
Thyroid Iodine 
No. Body- wt. per Total perkg 
Age of wt. Thyroid kg. body- Iodine iodine body-wt. 

Date weeks birds g. wt. g. wt. g. % y y Remarks 
July 8} 1 315 0-0125 0-040 0-1075 13-5 42-5 Growth period 
July 93 1 295 0:0200 0-070 01115 22-3 75-5 
Sept. 13 2 950 0-0581 0-060 0-0895 51-5 54-2 
Nov. 18 1 1300 §=0:0725 = 0-055 0-2387 173-0 133 
Jan.-Feb. 31-35 5 1514 = 0-1288 0-085  0-3129 402 269 Period of low 
Jan.-Feb. 36-40 4 1474 0-1330 0-090 0-2849 359 237 egg-production 
Feb.-Mar. 41-45 3 1402 0-1322 0-090 00-2609 354 237 
Mar.-Apl. 46-50 3 1218 0-0849 0-070 0-3477 295 239 Period of maxi- 
May 51-55 3 1253 0-0865 0-069 0-2014 174 161 .mum egg-pro- 
June-July 56-58 4 1582 0-0825 0-052 0-2269 189 194 duction 
July 59-60 4 1600 0-1309 0-082 0-2347 295 191 Moulting period 
July 61-65 2 1525 0-0946 0-062 0-2286 221 140 
Aug. 66-70 1 1135 0-0811 0-072 0-2124 164 146 
Sept. 71-72 2 1200 0-0843 0-071 0-2421 201 175 


Average weight of fresh gland for 31 mature birds killed at intervals over a period of 14 months, 0-10 g. 
Average weight of thyroid per kg. body-weight, 0-074 g. 


Thyroid weight. 

Variation with age. The table shows that the thyroid weight increases in 
proportion to body-weight (7.e. with age) in the growing bird. In the mature 
bird, however, (after 30 weeks) no correlation is found between thyroid weight 
and body-weight. 

Seasonal variation. The thyroid weight shows a marked seasonal variation. 
The average for the period from mid-March to mid-July shows a loss of 35 % 
as against January to March. The weight is greatest previous to the period of 
maximum egg-production, and decreases during this period. There are 
indications of a slight rise with the onset of moulting, followed by a secondary 
fall. 

Thyroid iodine. 

Variation with age. Total thyroid iodine increases with body-weight in the 
growing bird. Up to 13 weeks the percentage of iodine is about 0-1. In the 
adult pullet after 30 weeks the percentage is markedly higher—the average 
values ranging from 0-20 to 0-34. 

Seasonal variation. The seasonal variation in iodine content follows the 
variation in thyroid weight very closely as regards total iodine, rather less 
closely as regards percentage. 


Discussion. 


The fact that the thyroid weight increases in proportion to body-weight in 
the growing bird is in accordance with what occurs in mammals [Orr and 
Leitch, 1929]. 
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Evidence of a similar seasonal variation in thyroid size in pigeons has 
been obtained by Riddle and Fisher [1925], their data showing a loss of 41 % 
in weight from April to July as against January to March. 

Comparison of thyroid weight with other data. The average weight of the 
fresh gland in the adult birds examined was 0-10 g. Latimer [1924], working 
on White Leghorns in Minnesota, showed that the average for 12 pullets was 
0-173 g.1, a value approximately 1-75 times that obtained in our experiment. 
It is probable that the relatively higher weight of the American thyroids is 
associated with environmental and dietetic factors. 

Similar differences have been observed between the thyroid weights of 
British and American sheep. Martin [1912] working on thyroids from sheep 
slaughtered at Newcastle-on-Tyne found the average weight of the fresh gland 
to be 14g. Figures obtained at this Institute in June (Leitch and Stuart, 
unpublished data) for sheep thyroids show an average of 2-7 g. fresh weight. 
Both these values are markedly low when compared with those of Seidell and 
Fenger [1912], viz. 5-5 g. weight in summer, and 8-5g. in winter for normal 
American sheep. 

Similar data are obtainable for cattle. In thyroids from English cattle 
slaughtered at Liverpool, Fellenberg and Pacher [1927] found the average 
weight of fresh gland to be 12-5 g. while Seidell and Fenger [1912] record 
25-0 g. in summer and autumn, and 60-0 g. in winter and spring (for normal 
glands). 

Relation to body-weight. The average weight of thyroid per kg. was found to 
be 0-074 g. Latimer’s! data show that the corresponding figure for the 12 pullets 
examined by him is 0-13 g., a value almost twice that obtained by us. As 
before mentioned, this is probably associated with environmental factors. 

Compared with the figures available for cattle, the hen has a greater weight 
of thyroid per kg. of body-weight. According to Fenger [1914], the amount 
of fresh thyroid per kg. of body-weight in cattle is 0-047 to 0-05 g. which is 
significantly lower than the average for our birds, viz. 0-074 g. 

Reliable data for other types of mammals are not available. 

Thyroid iodine. The increase in total thyroid iodine with age in the growing 
bird shown in our results is in agreement with the findings of Chaudhuri [1928] 
who showed that in cockerels the iodine content of the gland increases up to 
maturity (14 weeks). He correlates this increase with the development of 
active spermatogenesis. 

According to Fenger [1913] and Orr and Leitch [1929] this is not the case 
in mammals—the percentage of iodine not being affected from late foetal life 
until the onset of old age. 

The fact that the seasonal variation in iodine percentage tends to follow 


1 The figures referring to Latimer’s data are obtained from his graph showing the weight of 
thyroid plotted on the gross body-weight. Only the pullets whose body-weights fell between 
1100 and 1600 g. were taken, since they most nearly corresponded with the weight of the birds 
examined by us. 


IODINE OF FOWL’S THYROID AND OVARY 1047 


the variation in thyroid weight is in contrast to the findings of previous 
workers on mammals. Baumann [1896] noted that in sheep and man there 
was an inverse relationship between size of thyroid and percentage of iodine. 
Martin [1912] found that in sheep, when the iodine content of the glands was 
at a maximum, their weight was at a minimum. This was confirmed by 
Seidell and Fenger [1912] who worked on the thyroids of American sheep, 
hogs and oxen. 

It has, however, been pointed out by Orr and Leitch [1929] that this 
inverse relationship holds only in the case of glands having a low iodine content 
(below 0-03 % fresh weight). This level (0-03 %) is the critical concentration 
of iodine in the thyroid. Below this level, the weight of the gland increases 
as the iodine content diminishes. From this level to about 0-2 % the weight 
does not alter with increasing iodine content. Above this second critical level 
(0-2 %) increase in iodine content of the gland is associated with increase in 
weight. 

The existence of such critical levels has not been established for birds, but 
it is suggested that in the thyroids examined in this experiment we are dealing 
with glands above the second critical level, so that any increase in iodine 
content, such as is observed during the period from January to March, is 
accompanied by an appreciable increase in the weight of the gland. 

Percentage of thyroid iodine in fowls compared with that in mammals. The 
percentage in birds as compared with mammals is very high. Nosaka [1926] 
states that thyroid iodine is high in the chicken and low in the horse, ox, dog, 
guinea-pig and rabbit. Chaudhuri’s [1928] data show that the percentage 
iodine in the thyroid of birds is approximately three times that in mammals. 
Results published by Orr and. Leitch [1929] point in the same direction. The 
average values obtained in this investigation range from 0-20 to 0-35 %. These 
are slightly higher than the figures given by Orr and Leitch probably owing 
to the fact that the diet in our experiment was relatively rich in iodine, the 
intake amounting to 40-50y per bird daily. 

In connection with the high percentage of thyroid iodine it is worthy of 
note that goitre is of very rare occurrence in fowls. Kernkamp [1925] working 
in Minnesota, a state where the incidence of goitre in animals is high, found 
only two cases of goitre out of 2409 autopsies on poultry. These two cases 
occurred in White Orpingtons from the same farm. From the post-mortem 
notes, however, it seemed probable that the goitre was due to structural 
abnormality of the birds rather than to the influence of environmental factors. 

Relation to body-weight as compared with mammals. The thyroid iodine per 
kg. of body-weight is very high in birds. Our average figures for adult birds 
range from 140 to 269, while Cameron [1924] quotes figures for mammals as 
follows: guinea-pigs, 28; heifers, 59; man, 77; all of which are markedly 
lower than the values obtained by us. 

The ovary. It is probable that the seasonal variation in iodine content of 
the thyroid is associated in some measure with the output of iodine during 
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egg-production, since the yolk of the egg contains appreciable amounts. While 
our figures during both winter and summer are for laying hens, the period of 
maximum egg-production occurs during April and May. Hence the depletion 
of the reserve of iodine owing to yolk formation is likely to become apparent 
during the period from April to September. 

Several workers have recorded high figures for iodine in the ovary of cattle, 
rabbits and guinea-pigs [Fellenberg, 1923; Maurer and Ducrue, 1928]. These 
findings are not confirmed by Leitch [1929], who states that the iodine content 
of the whole ovary in the cow is low, though that of the small corpora lutea 
is relatively high. 

In our experiment the ovarian tissue of the fowl was separated as com- 
pletely as possible from all but the very minute ova, and the iodine content 
determined on this material. In all cases merely a trace was found. When, 
however, the smaller ova were not removed, an appreciable amount of iodine 
was present. Analyses were then made of the ovarian tissue, mature yolk, and 
entire egg from the same hen. The following figures show the nature of the 
results obtained: 


Iodine, y per 100 g. 


No. of hen Ovary Large ova Entire egg 
345 Trace 11-4 4-2 
318 Trace 26-0 9-8 


From the figures it appears that the percentage of iodine is at its maximum 
in the mature ovum before it enters the infundibulum, and decreases in the 
entire egg, indicating that the greater part of the iodine is contained in the 
yolk. This probably accounts for the high figure for iodine obtained by 
Fellenberg [1923] in fish roe, where yolk forms a large percentage of the ovum. 

Histology. Histological examination of the thyroid showed that the increase 
in percentage of iodine in the adult as compared with the growing bird was 
related to the size of the vesicles of the gland, the appearance of the epithelium 
lining them, and the amount of colloid they contained. 

In the chick the vesicles are relatively small, and the epithelium cubical. 
In the immature pullet the vesicles are larger, the epithelium somewhat 
flattened, and the colloid is present in relatively large amount. In the mature 
bird, whether laying or moulting, the vesicles are large, distended with colloid, 
and the epithelium flattened. 

No difference in the structure of the glands attributable to the difference 
in function between laying and moulting could be distinguished, so that the 
difference in appearance between the immature birds and the adults is 
probably due to the different periods of growth. The appearance in the young 
bird suggests a relatively active, and that in the mature laying and moulting 
birds a relatively inactive, state. 
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SUMMARY. 


Thyroid glands were obtained from hens fed on a constant diet over a 
period of 14 months during the periods of growth, egg-production and moulting, 
and the following results were obtained. 

1. The thyroid weight and total thyroid iodine increase in proportion to 
increase in body-weight in the growing bird. 

2. There is a seasonal variation in thyroid weight—the average from 
mid-March to mid-July showing a loss of 35 % as against January to March. 

3. The seasonal variation in both percentage and total iodine tends to 
follow the seasonal variation in thyroid weight. 

4. The average weight of fresh gland and the thyroid weight per kg. of 
body-weight is low compared with the values obtained for the same breed in 
the goitre belt of the United States of America. 

5. The weight of thyroid per kg. body-weight, the percentage iodine and 
the total thyroid iodine per kg. body-weight are higher than in mammals. 

6. The ovary contains only a trace of iodine, yolk of egg contains an 
appreciable amount. 

7. The histological appearance of the thyroid suggests a state of relatively 
great activity in the immature bird, and of relative inactivity in the laying 
and moulting birds. 


The writer wishes to express her indebtedness to Dr Orr, who suggested 
the investigation, for his interest and advice. 
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INTRODUCTION. 


A CRITICAL survey of the literature shows that in spite of a great deal of 
experimentation, there remain many divergent opinions regarding “bios” and 
its existence as an essential substance for growth. 

Bearing in mind the difference in the techniques employed by various 
investigators, it is not difficult to understand how the discrepancies between 
the published results have arisen. Artificial media of widely differing types 
have been used. In some cases great care has been taken to ensure the purity 
of the constituents of the artificial culture fluids; in other cases practically 
none. A number of the researches have been made with yeasts of uncertain 
history, and character; and, as Wallace and Tanner [1928] point out, it is 
probable that some of the work has been vitiated by bacterial contamination. 

The present study was begun with the object of obtaining evidence of a 
definite character regarding the existence of “bios.” Intimately related to 
this problem was that of selecting the most suitable artificial culture fluid 
for the growth of yeast. Furthermore, it was obviously necessary to study 
a number of yeasts representing the chief types. It has been found that 
different types of yeast in an artificial medium exhibit different requirements 
for “bios” and that some of the highly cultivated brewers’ yeasts will not 
grow in a purified glucose-salt medium without the addition of small amounts 
of extracts containing an organic “bios.” Following this confirmation of 
Wildiers’s [1901] original claims, the investigation was extended with the 
object of ascertaining what réle this substance plays in the growth and 
nutrition of those yeasts which demand it. 


Part I. 
Technique. 


‘ 


The salt solution for the medium was prepared with “organic-free” 
distilled water and pure salts of the “Analytical Reagent” quality supplied 
by British Drug Houses. Dextrose (a.z.) was only added to the medium im- 
mediately before use and the solution was then immediately transferred to the 
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culture flasks and sterilised by heating in a Koch steriliser for 30 minutes on 
three successive days. In view of the claim of Fulmer and Huesselmann [1927] 
that production of a yeast growth stimulant may occur during heating of 
dextrose under pressure, this process is preferable to autoclaving the flasks for 
30 minutes at 20 lb. pressure. 

All glass apparatus was cleaned with hot chromic acid solution, thoroughly 
rinsed with tap water and distilled water, and dried in an electric oven at 105°. 

Inoculations were made from fresh (24-48 hour) cultures on beer-wort 
agar slopes. A small amount of culture was transferred on a platinum loop 
to a tube containing 10 cc. of medium. This suspension was shaken and any 
large clumps of cells allowed to settle to the bottom. The flasks were then 
inoculated with a Pasteur pipette, two or more drops being given according 
to the size of seeding required. The number of cells thus given was calculated 
by taking a cell count on the suspension, and by weighing the drops delivered 
by each pipette. The cell counts were made with a Thoma haemocytometer, 
the unit adopted being that used by many other workers, namely, 250,000 
cells per ce. 


Composition of the medium in relation to growth. 


Workers who reported conflicting results have often used very dissimilar 
media. There is no uniformity as regards nature, concentration and purity of 
the ingredients of the various artificial media used. For example, Fulmer, 


Nelson and Sherwood [1921] described several media which, they claimed, 
provided for all the nutritional requirements of their yeasts, but their solutions 
all contained 10 % of sugar, while that evolved by Reader [1927] contained 
only 1%. More significant were the variations in the purity of the com- 
ponents, so that it was possible that a growth-promoting substance might be 
present in the media. Thus before attempting to obtain definite data on the 
question of the need of a growth-promoting factor and its effectsit was necessary 
to investigate the influence of the composition of the medium on growth. 

Reader’s [1927] medium, which has been extensively used in this laboratory 
and found satisfactory, was chosen as a control, and four others of varying 
composition were used for comparison. The composition of all the media is 
shown in Table I. Those selected are representative of the media used by 
four different groups of workers. 

Wildiers’s medium was that used in his original experiments, and Prings- 
heim’s [1906] in experiments the results of which contradicted those of 
Wildiers. Robertson’s [1924] medium was alleged not to support the growth 
of yeasts, though Devereux and Tanner [1927] used it successfully; while 
Fulmer’s medium was one of a group which were claimed to allow continuous 
cultivation of yeast without any added growth stimulant. 

1 Shortly after this work was completed Wallace and Tanner [1928] published an account 


of a study of the growth of four yeasts in six different media. They used single-cell cultures and 
their results are in accord with those found in the present research. 
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The control medium was prepared in the manner described, and the other 
four according to the directions of their original users, as regards purity of 
constituents and method of sterilisation. In order to test the relative growth- 


Table I. Artificial media. 


Medium A (Reader) Medium B (Wildiers) Medium C (Pringsheim) 
Dextrose 0 % Sucrose 10-0 % Sugar (not 50 % 
(NH,),SO, , (table sugar) specified) 

MgSO,, 7H,O . MgSO, 0-25 (NH,).SO, 
KH,PO, , KCl 0-25 MgSO, 
K,HPO, , NH,Cl 0-25 K,HPO, 
NaCl “08 Na,HPO, 0-25 

Ca(NOs), , CaCO, 0-05 


Medium D (Robertson) Medium £ (Fulmer) 
Asparagine 0-34 % Sucrose 80 % 
CaCl, 0-01 (purified) 

Dextrin (purity 2-0 CaCO, 0-04 

not defined) NH,Cl 0-188 

K,HPO, 0-1 
CaCl, 0-1 


supporting powers of the five media, five typical yeasts were chosen from 
a group of twenty selected from the National Type Culture Collection 
at the Lister Institute. They were Saccharomyces logos, Torula sphaerica, 
Saccharomyces cerevisiae (bakery), Saccharomyces cerevisiae (brewery), Saccharo- 
myces cerevisiae (Hansen). Two organisms which Fulmer, Nelson and Sherwood 


had isolated from Fleischmann’s yeast cake were also included in the experi- 
ment. They were a Mycoderma and a Saccharomyces cerevisiae which, according 
to these workers, proved entirely satisfactory in continuous sub-culture in an 
artificial medium. 

In preparing the cultures of these seven yeasts in the five media the only 
divergence from the standard method was in the use of tubes of sterile water 
instead of medium for making the initial suspension. By this arrangement 
the same suspension could be used to inoculate each medium and so the same 
seeding in all five media was ensured. The tests were made in 150 cc. conical 
flasks containing 25 cc. of culture fluid. Four flasks of each culture were 
prepared, so as to have duplicate flasks with and without “bios.” The pre- 
paration of “bios” used was an autoclaved solution of marmite containing 
14 mg. solid matter per cc. The dose was 0-5 cc. in 25 cc. of medium. 

The original cell count was taken for each yeast and the flasks were 
incubated for 96 hours at 28°. At the end of this period growth was stopped 
by transferring the flasks to the cold room at 0°, after which counts were made 
as quickly as possible. The results are shown in Tables II, III and IV. In 
Tables II and III the figures opposite each medium denote the growth indices 
of the yeasts in that medium. These values were obtained by dividing the 
original count into the final count. Table IV indicates the numerical relation 
between growth with and without “bios,” in cases where growth occurred 


under both conditions. 
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Table II. Multiplication of yeasts without “bios.” 


Sacch. Sacch. Sacch. Sacch. 
Organism Sacch. cerev. cerev. cerev. Mycoderma _ cerev. 
logos Torula (bakery) (brewery) (Hansen) (Fulmer) (Fulmer) 
Original 
cell count 1-04 0-77 0-74 0-58 0-55 0-80 0-98 
Medium A 553-9 — — — 1120-0 1-6 
5 oe 369-2 10-4 : “= — 88-0 3: 
Cc 407-7 259-7 P —_— — 470-0 5 
D 223-0 — y ao — 20-0 3: 
E 126-9 332-5 2 — _- 23-0 14- 


Table III. Multiplication of yeasts with “bios.” 


Sacch. Sacch. Sacch. Sacch. 
Organism Sacch. cerev. cerev. cerev. Mycoderma  cerev. 
logos Torula (bakery) (brewery) (Hansen) (Fulmer) (Fulmer) 
Original 
cell count 1-04 0-77 0-74 0-58 0-55 0-80 0-98 
Medium A 346 280 229 40 4-4 500 69 
B 346 634 110 14 11-6 92 82 
C 400 457 86 18 8-7 64 41 
D 500 50 22 8 7-3 65 15 
E 192 62 50 15 10-2 128 42 
Table IV. Ratio of growths without and with “bios” obtained in different media. 


Sacch. Sacch. Sacch. Sacch. 
Organism Sacch. cerev. cerev. cerev. Mycoderma  cerev. 
logos Torula (bakery) (brewery) (Hansen) (Fulmer) (Fulmer) 
Original 

cell count 1-04 0-77 0-74 0-58 0-55 0-80 0-98 
Medium A 1-60 ~- ae 2-24 0-02 
oe 1-06 0-016 0-01 0-95 0-04 

a 1-00 0-57 0-09 - 7-34 0-14 
a 0-45 — 0-15 0-31 0-29 

-_ 0-66 5-3 0-65 0-18 0-35 


Though the results are somewhat irregular it is evident that the com- 
position of the medium is a very important factor in the study of yeast 
growth, especially with regard to the comparison of observations of different 
workers. For instance, there is sufficient difference between growth in Wildiers’s 
medium (B) and that in Pringsheim’s medium (C) to account for Pringsheim’s 
[1906] denial of the necessity of “bios.” Of the two satisfactory media, namely 
A and E, A was the more suitable for use in testing work as it showed the 
“bios” effect more markedly than #. For further experiments therefore 
Reader’s medium was the artificial culture fluid used. 


Preliminary growth test. 


Twenty types of yeasts (varying from wild yeasts to highly cultivated 
forms) were tested for their ability to grow in Reader’s medium. A loopful 
of a 24-hour culture on beer-wort agar was inoculated into 25 cc. of medium 
in a 150 ce. conical flask, and incubated at 28°. 

Even with so large an inoculation there was a marked difference in the 
rate and amount of growth of the various yeasts. On the basis of this test 
the yeasts were arranged in the order shown in Table V. The first five types 
showed rapid growth during the first 24 hours after inoculation; the next five 
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were slow in showing development but after 2 or 3 days there was appreciable 
growth. The rest showed little or no growth in 14 days. 


Table V. 


National Type Growth of large inoculations in Reader’s medium at 28°. 


Culture Collection 
No. Yeast type 


474 Willia anomala 

475 Willia Saturnus 

819 Mycoderma cerevisiae (Harden) Rapid growth in first 24 hours 
1848 Mycoderma Bordetii 

909 Saccharomyces logos (Ling) 


1302 Torula sphaerica 
1303 Torula cremoris | 
813 Zygosaccharomyces Barkeri 
467 Saccharomyces ellipsoideus | 
743 Saccharomyces monacensis 


815 Saccharomyces cerevisiae (bakery) ) 

476 Schwanniomyces occidentalis 

790 Saccharomyces thermantitonum 

902 Schizosaccharomyces Pombe 

oo Saccharomyces cere vitae (brew ery) Little or no growth in 14 days 
56 Saccharomyces cerevisiae (Hansen) 

473 Saccharomycodes Ludwigii 

499 Pseudosaccharomyces Africanus 

814 Saccharomyces capsularis (Harden) 

817 Hansenia apiculata (Reess) 


Testing “bios” requirements of yeasts. The preliminary growth test was 
repeated under controlled conditions with very much smaller inoculations. 
Except for the first five yeasts there was little growth in any of the flasks 
in 72-96 hours. Most of the yeasts having shown no signs of growth in 
7 days, the effect of adding “bios” was studied. The dose was again 0-5 cc. 
of autoclaved yeast extract. The addition produced a good growth in the 
flasks within 24 hours. 

From this experiment it appeared that those yeasts which were unable to 
grow in the artificial medium remained alive, and were promptly stimulated 
by the addition of “bios.” In another set of experiments, in which the 
“bios” was given at the commencement, all the yeasts showed marked growth. 
In the case of Pseudosaccharomyces Africanus, Saccharomyces capsularis and 
Hansenia apiculata, however, it was not as rapid as in the case of other 
species. 

Production of “bios” by certain rapidly proliferating yeasts. To investigate 
the production of “bios” by organisms capable of rapid growth in the synthetic 
medium alone, Willia anomala, W. Saturnus, Mycoderma cerevisiae, M. 
Bordetii and Saccharomyces logos were grown in Reader’s medium for ten 
generations. The initial inoculation was small (count 0-25) and so were all 
sub-cultures, which were made every 48 hours. Growth was well maintained. 
The contents of the flasks in which the tenth generation had grown for 48 hours 
were centrifuged to remove the cells and the supernatant liquid was re- 
sterilised. The five different culture fluids were kept separate and each was 
tested for its growth-promoting power on three different yeasts. An arbitrary 


Slow growth in 3 days 
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amount of 1 cc. of the undiluted culture fluid was given as the “bios” dose to 
25 ec. of medium. 

Table VI gives the results of this experiment. It clearly indicates that the 
organisms which maintained good growth in this artificial medium, at the 
same time produced in the solution a substance which is capable of stimulating 
the growth of species which cannot grow in the artificial medium. 


Table VI. 


Time for Time for 
growth growth 
without with 
“bios” “bios” 
Extract Test organism hours hours 


Saccharomyces logos 1303 Torula cremoris 120 48 
466 Saccharomyces cerevisiae (Hansen) No growth 72 
” *» 473 Saccharomycodes o 120 
Willia anomala 467 Saccharomyces ellipsoideus 96 48 
815 Saccharomyces cerevisiae (bakery) No growth 72 
814 Saccharomyces capsularis me 96 
Willia Saturnus 743 Saccharomyces monacensis 144 72 
* 99 476 Schwanniomyces No growth 96 
os Ss 381 Saccharomyces cerevisiae (brewery) 96 
Mycoderma Bordetii 499 Pseudosaccharomyces 72 
+s os 1302 Torula sphaerica 96 
‘ se 790 Saccharomyces thermantitonum 144 
Mycoderma cerevisiae 817 Hansenia apiculata 96 
= 7” 902 Schizosaccharomyces 96 
‘o cm 813 Zygosaccharomyces (8 days) 


” ” 


” ” 


” ” 


CONCLUSIONS AS TO THE “‘ BIOS” REQUIREMENTS OF YEASTS. 


The results of these experiments show that yeasts vary considerably in 
their “bios” requirements. Two factors, the type of yeast and the composition 
of the medium, influence the demand for an added growth-promoting substance. 
Some organisms, such as Saccharomyces logos and Mycoderma, will grow under 
almost any conditions, while others such as Saccharomyces cerevisiae (Hansen) 
appear to be unable to grow except in the presence of added organic matter. 
The presence of “bios” in an artificial medium accelerates the growth of 
yeasts of the former type, but does not increase the final number of cells as 
this is very probably limited by the supply of nutriment in the medium. 


Part IT. 


The results of the experiments reported in Part I showed that those species 
growing best in an artificial medium were not actively fermenting types. 
This seemed to indicate a possible connection between the “bios” require- 
ments and the fermentative activity of different yeasts. The relation between 
the fermentative and other forms of metabolic activity of yeast has recently 
attracted rather wide attention. In particular Meyerhof [1925] has studied in 
some detail the changes which occur in the gaseous exchange under aerobic 
and anaerobic conditions. 


Biochem. 1929 xx1r 67 
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By measuring the oxygen uptake, the fermentation CO,, and the alcohol 
production of a number of yeasts in dextrose-phosphate solutions, both 
aerobically and anaerobically, he showed that the effect of respired oxygen 
on the amount of fermentation was similar to the effect of oxidation on the 
degradation of sugar to lactic acid. Top-fermenting and bottom-fermenting 
yeasts, wine yeasts, a Mycoderma and a Torula were used. He found that 
distillery and bakery yeasts respired very little in phosphate solution, but the 
addition of dextrose increased the value eight- or ten-fold (Qo, = 80-100). 

In nitrogen the fermentation 005, = 250-300, but in oxygen it falls to 
Q°:, = 60-1001. 

From consideration of Meyerhof’s results it seemed that the determination 
of the Q 0, and 00%, values, together with alcohol production and carbohydrate 
assimilation, might give some indication of the nature of the part played by 
“bios” in the metabolism of yeasts. 


Determination of oxygen uptake and carbon dioxide output of yeasts, 
with and without “bios.” 


As the work of Meyerhof had established the usefulness of Warburg’s 
manometer in measuring the respiration of yeasts, a set of similar instruments 
was used for these determinations. Details of the apparatus are given by 
Warburg [1923, 1926]. 

The constant for each manometer was determined in the usual way. For 
measuring oxygen uptake of a yeast 0-4 cc. of N KOH solution was placed in 
the inner tube and 2 cc. of culture in the flask. As the experiments were 
carried out in air, the flasks could be prepared and put with their manometers 
directly into a thermostat at 28°. The vessels were shaken with the taps open 
for 10-15 minutes to bring them to equilibrium, then the manometer levels 
adjusted and the taps closed. Readings were usually taken every 15 minutes 
and the rate of shaking was kept constant by means of a rheostat adjustment. 
When the carbon dioxide output was to be measured, KOH was not placed in 
the inner tube and the manometer reading then indicated the excess of CO, 
output over O, uptake. This excess of CO, represents the fermentation CO, of 
the yeast and the value Qe: is calculated directly from it. In order to obtain 
the dry weight of yeast present in the culture used, 2 cc. were filtered through 
a Jena glass filter, which was dried in a vacuum desiccator for 24 hours and 
then weighed on a micro-balance. It was found that 2 cc. of a 24-hour old 
culture was a suitable quantity for measuring V%, and ee. of the yeasts. 


? Qo, is the oxygen quotient and indicates mm.* O, taken up per mg. of dry yeast per hour. 


qn is the quotient for CO, under anaerobic conditions and is mm.* CO, given off per mg. 
2 
of dry yeast per hour. 
ia is the quotient for CO, under aerobic conditions and is mm.* CO, given off per mg. 
2 


of dry yeast per hour. 
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In testing the “bios” effect it was thought possible that it might be shown 
by adding “bios” to the culture when it was in the manometer flask. A slight 
effect could be observed in the case of yeasts that were already growing, but 
for such as Saccharomyces cerevisiae (Hansen) no increase in either O, uptake 
or CO, output could be shown. Therefore “bios” was always added to the 
medium before the yeast inoculation. For simple measuring of the O, uptake 
and CO, output of yeasts 24-hour cultures were used. Remarkably constant 
results were obtained after some experience with the technique. In Table VII 
are given the average results of a number of determinations of the Q o,and Qo: ’ 
of the seven types of yeasts whose “bios” requirements were being studied. — 


Table VII. O, uptake and CO, output of yeasts. 


Without “bios” With “bios” 
: O02 2 

Organism %, wT. @., Qc0, 
Saccharomyces logos 50 <10 70 40 
Torula sphaerica 10 20 50 100 
Saccharomyces cerevisiae (bakery) Nil 30 30 100 
Saccharomyces cerevisiae (brewery) Nil 20 10 150 
Saccharomyces cerevisiae (Hansen) Nil 10 30 200 
Saccharomyces cerevisiae (Fulmer) Nil 50 50 Nil 
Mycoderma (Fulmer) 100 <10 100 <10 


These figures show that yeasts which do not respire are those that require 
“bios” in order to grow in a synthetic mineral medium. The presence of 
“bios” seems to cause a slight respiratory activity and a great increase in 
fermentation. 


The correlation of respiratory and fermentative activity of yeasts. 


It now remained to determine the dextrose consumption and alcohol 
production in parallel with the oxygen uptake and carbon dioxide output of 
the yeasts, with and without “bios.” For this purpose suitable micro-methods 
of estimating dextrose and alcohol in the medium were used. Hanes [1929] 
published details of a modification of Hagedorn and Jensen’s [1923] micro- 
method of estimating sugars. The range of the modified method was 0-20 mg. 
to 3-80 mg. of dextrose and by diluting the medium the dextrose content 
could be brought within this range. The method was tested on medium, 
cultures, and filtrates from cultures and found to be satisfactory. The dextrose 
content of a culture and its filtrate were always the same. The presence of 
yeast cells therefore did not affect the estimations. 

The method of Cannan and Sulzer [1924] for the estimation of alcohol in 
blood was adapted to the requirements of the culture solutions and found 
reliable. In this method the alcohol is distilled under reduced pressure and 
the distillate collected in an absorption tube containing a mixture of 0-1 N 
potassium dichromate and an equal volume of strong sulphuric acid. It was 
found convenient to deliver 1 cc. or 2 cc. of undiluted culture on to a fairly 
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large amount of anhydrous sodium sulphate and to distil for 30 minutes. 
The contents of the absorption tube were then washed into a flask with 
sufficient water to dilute the sulphuric acid to less than 5 %, excess of 10 % 
potassium iodide solution was added and the liberated iodine titrated with 
0-1 N sodium thiosulphate. A blank titration of the potassium dichromate 
was made daily. The difference between the titration after the absorption of 
alcohol and the dichromate blank gave the amount of dichromate required 
to oxidise the alcohol. The amount of alcohol was calculated from the factor 
1 cc. 0-1 N K,Cr,0, = 1-15 mg. alcohol. 

With these methods it was possible to make simultaneous estimations of 
dextrose consumption, alcohol production, oxygen respired and carbon 
dioxide produced in a yeast culture. For each yeast determinations were 
made with and without “bios” at 24, 48 and 72 hours after inoculation. 
Control flasks of medium were incubated with the cultures to allow for the 
slight alteration in dextrose concentration due to evaporation. Cell counts 
were also made so as to check growth against respiration and fermentation. 
The results are shown in Figs. 1-7. 
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Fig. 1. Saccharomyces logos. 


Discussion. 


From the results of these experiments on the respiration and fermentation 
of yeasts with and without “bios” some definite conclusions may be formed 
as to the action of this factor. In the case of Saccharomyces logos the first 
action of “bios” is to accelerate growth and fermentation, but as soon as the 
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Fig. 3. Saccharomyces cerevisiae (bakery). 


1059 





1060 


dextrose and % alcohol 


/O 


o/ 


% dextrose and % alcohol 





A. M. COPPING 


%o Dextrose <——mme 


With bios Alcohol 


Cell count —— 









«Sd 
6.5 
Se 
48 hrs = 
_é 
10) s 
80: 
60 
Fig. 4. Saccharomyces cerevisiae (brewery). 
/.Dextros€ —$— 
With bios 
100 100 
900 
80 
60 
40 
20 46 
6.5 
Se 
72hrs = 
CS 
3° 


100 


Fig. 5. Saccharomyces cerevisiae (Hansen). 
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Fig. 7. Mycoderma (Fulmer). 
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dextrose supply in the medium is exhausted the respiration falls to about 
the same value as in growth without “bios” and some of the alcohol formed 
disappears. For Torula sphaerica there is a very marked increase in cell count 
together with increased fermentation and respiration, and the O05, falls 
considerably below the normal value when the combustion of the dextrose is 
complete. 

In all four types of Saccharomyces cerevisiae the addition of “bios” 
markedly increases growth and seems to provide the organism with the power 
to respire oxygen. There is no Qo, in synthetic medium, but with “bios” 
there appears a Qo, and at first a raised cS . As soon as the dextrose con- 
centration of the medium falls, the Qo, seems to increase while the Oe3,. falls 
and some of the alcohol produced seems to be utilised to support growth. 
Without “bios” there is a very slight alcohol production by the Saccharomyces 
cerevisiae and it is always equivalent to the dextrose combustion. Thus 
“bios,” while increasing the growth of these organisms, seems to alter their 
metabolism in some manner, providing them with the power of respiring 
oxygen and utilising their own fermentation products. 

For the Mycoderma the action of “bios” is not very notable, except that 
it causes a slight increase in the alcohol production. 

Apart from the fact of showing that “bios” is definitely a growth- 
promoting factor, little can be deduced from these results. The apparent 
change of respiratory function in Saccharomyces cerevisiae may simply be due to 
the fact that with very few cells present the Qj, would be immeasurably small, 
but as soon as growth increased the Q, would be appreciable. A larger number 
of cells would account for the first rise of the Se but the subsequent fall of 
this quotient can only be accounted for by some change in the metabolism 
of the yeast. 


SUMMARY. 


The necessity for “bios” and the part it plays in the growth and metabolism 
of yeasts has been studied. The need for “bios” seems to depend on the type 
of yeast and on the composition of the medium; it is probably connected 
with fermentative activity of the yeast as is indicated by experiments 
showing increased oxygen uptake and carbon dioxide output in the presence 
of this factor. “Bios” appears to act as a growth stimulant, but from the 
above experiments it is not possible to determine whether the increased 
respiratory activity of the yeast is due to the greater number of cells present 
or to a change in their metabolic processes. 


My thanks are due to Prof. J. C. Drummond for his helpful advice and 
criticism throughout this work. 
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CXIV. OBSERVATIONS ON ACETYLCHOLINE. 


By HAROLD WARD DUDLEY. 
From the National Institute for Medical Research, Hampstead, London. 


(Received August 22nd, 1929.) 


In a recent investigation of the physiologically active constituents of an 
alcoholic extract of horse’s spleen [Dale and Dudley, 1929] acetylcholine was, 
for the first time, isolated and identified as a constituent of an animal tissue. 

Chemical observations, incidental to this work, were made, which seem 
worthy of separate record for the guidance of any who may be faced with the 
problem of the isolation of this compound from natural sources. 

There are two earlier reports of its identification as a natural product; in 
each case the source was vegetable, namely, ergot [Ewins, 1914], and shepherd’s 
purse (Capsella bursa pastoris) [Boruttau and Cappenberg, 1921]. 

The method of isolation described by Ewins was, in the main, followed by 
Boruttau and Cappenberg and, with more extensive modification, in our own 
work on spleen extract. In all cases the penultimate product was a mixture 
of chloroplatinates, precipitated from alcoholic solution. 

Choline has properties so similar to those of its acetyl derivative that it 
inevitably accompanies the latter through the preliminary purifications, and, 
being widely distributed in animal and vegetable tissues, it formed the chief 
constituent in the mixture of chloroplatinates obtained in the three investi- 
gations mentioned above. In each case, therefore, the final stage of the 
isolation presented the difficult problem of separating a small proportion of 
acetylcholine chloroplatinate from a large proportion of choline chloroplatinate. 

Ewins, relying on the statement in the literature that the chloroplatinate 
of acetylcholine is less soluble than that of choline, attempted to increase this 
disparity by fractional crystallisation of his mixture from water at 35° and 
obtained a less soluble chloroplatinate forming orange-coloured polyhedra and 
melting at 256-7°. His analysis of the salt showed a slight excess of platinum 
(28-4 %; theoretical 27-8 %). 

Since, however, after acetylating choline according to Nothnagel’s directions 
[1894] he obtained a chloroplatinate identical in chemical properties and 
physiological activity with that derived from ergot, he concluded that the 
latter was acetylcholine chloroplatinate, although Nothnagel describes the salt 
as crystallising in bright yellow needles, melting at 223-4°. 

The mixture of chloroplatinates obtained in our work from 32 kg. of 
horse’s spleen weighed 2-7 g. and the physiological activity of the chlorides 
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liberated from a sample of the mixture corresponded to only about one- 
twentieth of this weight of acetylcholine chloroplatinate. Before an attempt 
was made to separate the latter from so great an excess of impurity, chiefly 
choline chloroplatinate, it was necessary to investigate the relative solubilities 
of the two chloroplatinates; for, unless the difference was indeed great, the 
possibility of obtaining a chemically pure specimen of the acetylcholine salt 
appeared to be remote, particularly as recrystallisation from hot water was 
known to cause partial hydrolysis of this substance. In view of eventual 
identification and on account of the disagreement between Nothnagel’s and 
Ewins’s descriptions, it was also important to examine the properties of pure 
acetylcholine chloroplatinate itself. 

Choline was, accordingly, acetylated by heating it at 100° with acetyl 
chloride [Nothnagel, 1894] and the chloroplatinate of acetylcholine was found 
to crystallise in strongly anisotropic needles, melting at 242°, agreeing, except 
as to melting-point, with Nothnagel’s description. 

In the numerous acetylations which were carried out, variable amounts 
of another chloroplatinate were frequently encountered. It crystallised in 
isotropic octahedra of an orange-yellow colour and had a melting-point 
corresponding to that given by Ewins. This substance, on account of its much 
smaller solubility in water, could be easily separated from the anisotropic 
needles which always formed the main product of the acetylation. 

The anisotropic needles had the correct platinum content of acetylcholine 
chloroplatinate, whilst the regular octahedra contained more platinum than 
the formula of this compound required. Moreover, the chloride derived from 
this octahedral salt by decomposition with potassium chloride had only 53 % of 
the physiological activity of that similarly prepared from the anisotropic needles. 

Analysis having proved that the salt crystallising in needles was pure 
acetylcholine chloroplatinate, the nature of the octahedral material was 
investigated. 

It was eventually found to be a double salt, containing one molecule of 
choline chloroplatinate and one of acetylcholine chloroplatinate; 7.e. choline- 
acetylcholine dichloroplatinate. This complex salt is much less soluble than 
acetylcholine chloroplatinate, which in its turn is less soluble than choline 
chloroplatinate. It is precipitated when appropriate aqueous solutions of 
choline and acetylcholine chloroplatinates are mixed, and crystallises from 
water in isotropic orange-yellow octahedra melting at 260-1°. That it is a 
definite chemical compound was proved by mixing solutions of choline and 
acetylcholine chloroplatinates in molecular proportions of 1 : 3,1: land3: 1; 
in each experiment the double salt, containing one molecule of each com- 
ponent, separated. The observation that, contrary to the usual behaviour of 
mixed melting-point determinations, a mixture of choline chloroplatinate 
(m.p. 240°) and acetylcholine chloroplatinate (m.P. 242°) melted at a higher 
temperature (248°) than did either of the components, furnishes additional 
evidence of compound formation by the two salts. 
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Choline-acetylcholine dichloroplatinate, in all probability, owes its existence 
to co-ordination between the hydrogen atom of the hydroxyl group of the 
choline moiety and the oxygen atom of the acetyl group in acetylcholine. 
If this is so it may suggest a structural basis for the well-known dimorphism 
exhibited by choline chloroplatinate, which crystallises from water in aniso- 
tropic prismatic needles and from 50% alcohol in isotropic polyhedra. It 
seems reasonable to assume that the latter form may actually be a co-ordination 
compound, consisting of two molecules of choline chloroplatinate, produced 
by the co-ordination of the hydrogen atoms of the two hydroxyl groups of 
one molecule with the oxygen atoms of the two hydroxyl groups of the second 
molecule. According to this view the anisotropic salt, crystallised from water, 
is choline chloroplatinate, whilst the isotropic salt, crystallised from 50% 
alcohol, is dicholine dichloroplatinate. This conception is supported by the 
fact that acetylcholine chloroplatinate, in which there is no similar hydrogen 
atom available for co-ordination, crystallises in anisotropic needles both from 
water and from alcohol of all strengths up to 70 % and, in this investigation, 
has never exhibited dimorphism. 

With the elucidation of the nature and properties of choline-acetylcholine 
dichloroplatinate various observations made during this study became 
intelligible. It had been found, for instance, that a solution of pure acetyl- 
choline chloroplatinate in ten volumes of water, kept at 37° for some days, 
slowly deposited the octahedral salt. The explanation of this phenomenon is 
that acetylcholine salts are gradually hydrolysed in aqueous solution and 
consequently the choline chloroplatinate, so produced, combined with the 
unchanged acetylcholine salt to form the relatively insoluble dichloro- 
platinate, until, when half of the acetylcholine had been hydrolysed, the solution 
contained only choline-acetylcholine dichloroplatinate. On heating an aqueous 
solution of this double salt at 100° for six hours, hydrolysis of the acetylcholine 
component continued and pure choline chloroplatinate only was recovered. 

The occurrence of variable amounts of the octahedral salt in the chloro- 
platinate isolated after acetylating choline also became explicable: any 
choline, either escaping acetylation or arising from the readily hydrolysable 
acetyl derivative during the process of isolation, combined with a molecular 
equivalent of acetylcholine to produce the dichloroplatinate. 

It is now obvious that from any mixture of the chloroplatinates of choline 
and acetylcholine, on crystallisation from water, choline-acetylcholine dichloro- 
platinate will be formed in amount equivalent to that of whichever component 
is present in smaller quantity. Only after the latter has been removed as the 
double salt will it be possible to obtain from the mother-liquor the remainder 
of the simple chloroplatinate of the component which is present in excess, and 
it will never be possible to isolate the simple chloroplatinate of the less 
abundant component. 

A fact of practical importance is that the solubility of the dichloroplatinate 
is considerably depressed in the presence of excess of choline chloroplatinate; 
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to such an extent, indeed, that on mixing appropriate solutions containing 
one part of acetylcholine chloroplatinate and nineteen parts of choline chloro- 
platinate respectively, the acetylcholine was recovered practically quanti- 
tatively as choline-acetylcholine dichloroplatinate. 

These observations have an important bearing on the isolation of acetyl- 
choline from natural sources. In the three cases already mentioned the crude 
chloroplatinates contained a small quantity of the acetylcholine salt and a 
large excess of that of choline, and it is reasonable to assume that similar 
proportions would be obtained in any other fractionation of biological material 
which might contain acetylcholine. On recrystallising such a mixture from 
water, therefore, all the acetylcholine would inevitably appear as choline- 
acetylcholine dichloroplatinate. It was this salt which was obtained in our 
investigation of spleen; and it was this salt which Ewins secured in his research 
on ergot, although, by the isolation of the same compound (for reasons 
explained above) from the reaction-mixture obtained on acetylating choline, 
he was misled as to its true composition. It is clear that the present investi- 
gation in no wise invalidates his work; it offers, indeed, complete confirmation 
of the fact that he obtained acetylcholine from ergot, but shows that he 
separated it as choline-acetylcholine dichloroplatinate. 

Boruttau and Cappenberg [1921], instead of crystallising their crude 
chloroplatinate from water as did Ewins, extracted it with warm 70 % alcohol 
in which they assert acetylcholine chloroplatinate to be fairly soluble and 
choline chloroplatinate practically insoluble. This statement was tested but 
not confirmed. Both salts were found to be soluble to the extent of approxi- 
mately 0-5 % in 70% alcohol at 37°, and, in agreement with this deter- 
mination, an extraction of a mixture of the two salts with this solvent failed 
to remove preferentially that of acetylcholine. Their method therefore is 
ineffective and, accordingly, did not lead to a satisfactory isolation of acetyl- 
choline chloroplatinate. The chemical and physiological properties of the 
active substance which they investigated, however, make it very probable 
that they were in fact handling acetylcholine. Their gravimetric estimate of 
the amount of acetylcholine present in extracts of shepherd’s purse is sur- 
prisingly high and must be grossly inaccurate, since the salt they weighed for 
this purpose must have been choline-acetylcholine dichloroplatinate and not, 
as they thought, acetylcholine chloroplatinate, quite apart from the probability 
of the weighed fraction containing other relatively insoluble chloroplatinates 
(e.g. those of ammonium and potassium). 

It will be clear from the foregoing discussion that the formation of the 
double chloroplatinate of choline and acetylcholine, and particularly its 
relative insolubility in the presence of excess of the choline salt, makes the 
isolation of acetylcholine from natural sources much more simple than would 
otherwise be the case. 

As a matter of interest an experiment was made to ascertain whether the 
chloroaurates of choline and. acetylcholine would yield a co-ordination com- 
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pound similar to that of the chloroplatinates, but no such compound was 
obtained on mixing equimolecular equivalents of the two salts. The experiment 
led, however, to the useful observation that recrystallisation of such a mixture 
from water easily yielded, with comparatively little loss, pure acetylcholine 
chloroaurate, which is much less soluble than the choline salt. By liberating . 
the chlorides, therefore, from choline-acetylcholine dichloroplatinate, con- 
verting them into chloroaurates and recrystallising the mixture from water, 
it proved to be a simple matter to obtain a pure specimen of acetylcholine 
chloroaurate. This process was successfully applied to the dichloroplatinate 
isolated from horse’s spleen, thus providing a further chemical identification 
of the acetylcholine which this organ contained. 

For the isolation of acetylcholine from the reaction-mixture obtained after 
acetylating choline the chloroaurate is much superior to the chloroplatinate. 
The former salt is very considerably less soluble in water than the latter and, 
as no relatively insoluble co-ordination compound is produced, the presence 
of unacetylated choline introduces no complication. Further, whilst choline 
and acetylcholine chloroplatinates melt (with decomposition) at 240° and 
242° respectively, the corresponding chloroaurates melt at 266° (with decom- 
position) and 166° (without decomposition); a better chemical criterion of 
purity is therefore available for acetylcholine chloroaurate. 

When acetylcholine chloroaurate is decomposed by hydrogen sulphide, 
hydrolysis occurs simultaneously, choline chloride being produced [Nothnagel, 
1894]. It is this fact which hitherto has made the chloroplatinate the only 
practicable metallic salt from which acetylcholine chloride could be liberated 
for physiological experiment; for in this case decomposition with hydrogen 
sulphide can be avoided, and the chloride of the base can be obtained by 
evaporating to dryness a solution of the chloroplatinate, to which potassium 
chloride has been added, and extracting the residue with alcohol, in which 
acetylcholine chloride is soluble. 

The chloroaurate has, however, been made available as a source of acetyl- 
choline chloride by the discovery of a most convenient and rapid method of 
decomposition in which no concomitant hydrolysis occurs. It consists simply 
in shaking an aqueous solution of the salt with excess of metallic silver. 
Thereby, in a few minutes, the gold and its associated chlorine atoms are 
precipitated as metal and silver chloride respectively ; these, together with the 
excess of silver, are removed by filtration, a neutral aqueous solution of the 
chloride of the base being obtained. The method is equally applicable to other 
chloroaurates and also to chloroplatinates. In addition to its speed and 
simplicity it has the advantage that no free hydrochloric acid is formed, as 
happens when hydrogen sulphide is used. It should, therefore, prove useful 
in general practice, particularly with salts of easily decomposable bases. The 
reactions may be formulated as follows: 

RAuCl, + 3Ag = Au + 3AgCl + RCI; 
R,PtCl, + 4Ag = Pt + 4AgCl + 2RCI. 
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It should be noted that the chlorine (or hydrochloric acid) associated with 
basic nitrogen is not removed in the reaction, even in the presence of excess 
of silver. 


EXPERIMENTAL. 


Acetylcholine chloroplatinate. 


Dry choline chloride is heated with ten times its weight of acetyl chloride 
in a sealed tube at 100° for 3 hours [see Nothnagel, 1894]. The excess of 
acetyl chloride is then removed in vacuo, in a water-bath at 30°. The syrupy 
residue is dissolved in a small quantity of absolute alcohol. After standing 
for 10 minutes to decompose any remaining acetyl chloride, the solution is 
again evaporated under the same conditions. The residue is taken up in alcohol 
and precipitated by the addition of alcoholic platinum chloride solution. The 
crude chloroplatinate is dissolved in 5 volumes of hot water. If choline- 
acetylcholine dichloroplatinate is present in appreciable quantity it separates 
in octahedral form as the solution cools, acetylcholine chloroplatinate crys- 
tallising later in light yellow needles. The solution is allowed to stand for 
some hours and is then cautiously warmed until the needles are just redissolved. 
It is then filtered quickly through a warm funnel, leaving behind undissolved 
octahedra. From the cooled filtrate are obtained the needles, which may still 
be contaminated with a small quantity of octahedra. For final purification 
the former are dissolved in 10 volumes of water at 50° and allowed to crystallise 
at about 5°. The process is repeated, if necessary, until homogeneous needles 
are obtained. As these are anisotropic and the contaminating octahedra 
isotropic, a polarising microscope is useful in following the purification. 
Acetylcholine chioroplatinate forms thin, bright yellow needles; m.p. 242—4° 
(with decomposition). It crystallises well from 50 % alcohol. 

Analysis. 0-1047 g. gave 0-0292 g. Pt. 

Found: Pt, 27-9 %. 
Cale. for C,,H,.0,N,Cl,Pt: Pt, 27-8 %. 

It may be noted in passing that Baeyer, who first prepared acetylcholine 
[1867], acetylated choline in the cold and Nothnagel was unable to repeat 
this experiment. Baeyer’s observation was, however, confirmed during the 
present investigation by an experiment in which a solution of choline chloride 
in acetyl chloride was allowed to stand overnight: 70 % of the choline was 
acetylated. 


Choline-acetylcholine dichloroplatinate. 


1 g. choline chloroplatinate was dissolved in 10 cc. water and 1 g. acetyl- 
choline chloroplatinate in 12 cc. water at 45°. On mixing the two solutions 
a sandy precipitate was at once formed. After standing, the precipitate was 
filtered off and weighed 1-1 g. This was recrystallised from 10 cc. water, 0-75 g. 
orange-yellow isotropic octahedra being obtained; m.p. 260-1° (with decom- 
position). 
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Analysis, 0-2058 g. gave 0-0610 g. Pt. 
Found: Pt, 29-6 %. 
Cale. for Cy,Hg90,N,ClPt,: Pt, 29-6 %. 
The mother-liquor from the preparation, on slow evaporation, deposited 
the remainder of the compound in large well-formed octahedra. 
Evidence for constancy of composition. The following aqueous solutions were 
mixed: 


acetylcholine chloroplatinate choline chloroplatinate 
(a) 0-2 g. (approx. 1 mol) in 2-5 ce. (at 45°) + 0-2 g. (approx. 1 mol) in 2 ce. 
(b) 0-2 g. (1 mol) in 2:5 ce. (at 45°) + 0-528 g. (3 mols) in 2 cc. 
(c) 0-6 g. (3 mols) in 5 cc. (at 45°) + 0-176 g. (1 mol) in 1 ce. 


In each experiment an immediate sandy precipitate was produced. After 
standing overnight, these were collected and weighed: (a) 0-215 g., (b) 0-324 g., 
* (c) 0-247 g. 

On recrystallisation from 10 volumes of water each crop yielded identical 
octahedra, melting with decomposition at 260-1°, and containing the correct 
platinum content of the double salt. The physiological activities of the 
chlorides liberated from the three specimens were the same and 53 % of that 
of an equal weight of the acetylcholine salt. The physiological activity of 
acetylcholine is about a thousand times greater than that of choline; the 
latter, therefore, makes no appreciable contribution to the activity of a 
solution containing the two substances in equimolecular proportions. As the 
acetylcholine component comprises 53 % of the weight of choline-acetylcholine 
dichloroplatinate, the activity of the chlorides derived from it corresponded 
with the theoretical anticipation. 

Solubility relationships. The yields of the double salt obtained in the three 
experiments illustrate the lowering of its solubility in the presence of excess 
of either component. Even in Exp. (c), where the total volume of the solution 
was 6 cc. as compared with 4-5 cc. in (a) and (6), and in which the solution had 
to be warmed to 37°, before filtration, to dissolve the excess of acetylcholine 
chloroplatinate which had crystallised out, the yield was, nevertheless, greater 
than in (a). 

This lowering of solubility is more strikingly illustrated by the following 
experiment where the conditions are similar to those encountered in the 
fractionation of spleen extract. 2-85 g. choline chloroplatinate were dissolved 
in 7 cc. water; the salt remained in solution at 37° but crystallised on cooling 
to room temperature. 0-15 g. acetylcholine chloroplatinate, dissolved in 1 cc. 
water, was mixed with the solution of the choline salt at 37°, when a fine 
precipitate formed. The mixture was heated on the water-bath until a clear 
solution resulted; the hot liquid after standing at 37° for 3 hours was filtered, 
0-281 g. choline-acetylcholine dichloroplatinate being collected, which, after 
one recrystallisation, was pure. 

It will be noted that the recovery of the added acetylcholine chloroplatinate 
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in the form of the double salt was practically quantitative; obviously even 
smaller proportions of acetylcholine could be successfully isolated from similar 
mixtures. 


Acetylcholine chloroaurate. 


Choline is acetylated as already described. After removing the excess of 
acetyl chloride the residue is dissolved in water and immediately precipitated 
with excess of aqueous gold chloride solution. The chloroaurate is recrystallised 
from 30 volumes of water, the hot solution being filtered, if necessary, to 
remove the small amount of metallic gold which may be produced. 

Acetylcholine chloroaurate crystallises in irregular thin glistening plates; 
m.P. 166-8°. It crystallises well from 1 % acetic acid. 

Analysis. 0-1175 g. gave 0-0478 g. Au. 

Found: Au, 40-7 %. 
Cale. for C,H,,0,NCl,Au: Au, 40-6 %. 

The ease with which acetylcholine chloroaurate can be separated from an 
equimolecular equivalent of the choline salt is illustrated by the following 
experiment. Hot aqueous solutions of 0-22 g. choline chloroaurate (4 cc.) and 
0-24 g. acetylcholine chloroaurate (6 cc.) were mixed. The material which 
crystallised on standing weighed 0-315 g. and melted at 154-6°. After one 
recrystallisation from 10 cc. water 0-206 g. acetylcholine chloroaurate (M.P. 
166-8°) was obtained. 

Preparation of acetylcholine chloroaurate from choline-acetylcholine dichloro- 
platinate isolated from spleen extract. The dichloroplatinate (0-2 g.) from horse’s 
spleen [Dale and Dudley, 1929] was dissolved in 10 cc. water; the solution 
was shaken with 0-4 g. silver (see following section), filtered when the reaction 
was complete and then treated with 10 °% aqueous gold chloride solution. 
After standing for 12 hours at 3° the precipitated chloroaurate was filtered off 
and weighed 0-0848 g.; m.p. 152—4°. It was recrystallised from 2-5 ce. water, 
0-0689 g. of a chloroaurate indistinguishable from that of acetylcholine being 
obtained. Simultaneous determination of the melting-points of this chloro- 
aurate, pure acetylcholine chloroaurate and a mixture of the two resulted in 
all three specimens melting sharply at 166-8°. 

Analysis. 0-03160 g. gave 0-01280 g. Au. 

Found: Au, 40-5 %. 
Calc. for C;H,,0,NCl,Au: Au, 40-6 %. 
The salt is therefore identified as acetylcholine chloroaurate. 


New method for the decomposition of chloroaurates and chloroplatinates. 


Metallic silver is prepared by mixing equal volumes of a 20 % solution of 
ferrous sulphate crystals in 0-2 N sulphuric acid and a 4 % silver nitrate 
solution in water. The finely divided metal so obtained is washed with water 
until free from sulphate, dried, and kept in a well-stoppered bottle. 
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The salt to be decomposed is dissolved in water, twice its weight of silver 
is added and the mixture is shaken vigorously for a few minutes. When 
decomposition is complete, the excess silver, silver chloride and precipitated 
metal are removed by filtration and a solution of the chloride (or hydrochloride) 
of the base is obtained. 

Application to the salts of acetylcholine. In order to ascertain whether 
acetylcholine chloride could be liberated by this method from the chloroaurate 
and chloroplatinate without removal of the acetyl group by hydrolysis, the 
following experiment was performed. 

To a solution of 1-1 mg. acetylcholine chloroplatinate in 2 cc. water was 
added 0-1 ec. 5 % KCl solution. The mixture was evaporated to dryness over 
sulphuric acid in vacuo. The residue was extracted with 5 cc. absolute alcohol 
four times. After removal of the alcohol in vacuo at 35° from the filtered 
extract, the residue was dissolved in 10 cc. water. This solution (S) served as 
the standard of comparison for the physiological testing of solutions prepared 
by decomposing the chloroplatinate (1-45 mg.) and chloroaurate (3-4 mg.) of 
acetylcholine by the silver method. In each case the salt was dissolved in 
about 5cc. water and shaken for 2-3 minutes with excess of silver in a 
stoppered measuring cylinder. The solution, being then colourless, was made 
up to 20 cc. and filtered. The solutions (P = that from the chloroplatinate; 
A = that from the chloroaurate) were tested against the standard by com- 
paring their actions on a strip of rabbit’s isolated intestine [Dale, 1914]. For 
the actual test S and A were diluted 25 times and P 12-5 times. Equality of 
action was observed between 0-35 cc. S (1/25) and 0-28 ec. P (1/12-5) and 
between 0-25 ec. S (1/25) and 0-22 cc. A (1/25). 

From these results the physiological determination of the amount of 
acetylcholine chloride in P is 94% and in A 102% of that calculated 
theoretically. These estimates are within the limits of accuracy of the method. 

It is clear, therefore, that the silver method liberates acetylcholine chloride 
without hydrolysis from both the chloroplatinate and the chloroaurate. 

Application to spermine chloroaurate. In order to ascertain whether the 
salts of primary and secondary amines behaved similarly to those of quaternary 
ammonium bases, the chloroaurate of spermine was chosen for experiment, 
since this base contains two amino- and two imino-groups [Dudley, Rosenheim 
and Starling, 1926). 

0-1 g. spermine chloroaurate was dissolved in 20 cc. water on a water-bath: 
while the solution was still warm, 0-2 g. silver was added and the mixture was 
briskly shaken. The solution became colourless in about 1 minute and, after 
filtration and evaporation, yielded the crystalline hydrochloride. This was 
converted into the picrate, which crystallised in needles and melted with 
decomposition at 248-50°, as did authentic spermine picrate and a mixture 
of the two specimens. 

The method is, therefore, applicable to the salts of primary and secondary 


amines. 
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Test of Boruttau and Cappenberg’s method for separating choline 
and acetylcholine chloroplatinates. 


0-558 g. choline-acetylcholine dichloroplatinate was converted into chlorides 
by shaking its solution in 15 cc. water with 1 g. silver. The filtered solution 
was taken to dryness in vacuo, first by distillation to small volume at 35° and 
finally over sulphuric acid in a desiccator. The residue was dissolved in absolute 
alcohol and precipitated with alcoholic platinum chloride solution. The 
chloroplatinate (0-516 g.) was digested with two successive quantities of 25 cc. 
70 % alcohol at 35° for periods of 2 hours. Under these conditions 0-1461 g. 
chloroplatinate was recovered from the evaporated extracts in the form of 
isotropic octahedra (choline-acetylcholine dichloroplatinate). 

A physiological test on small samples of the unextracted salt, the extracted 
substance and the residue indicated that all three materials had practically 
identical activities and that, therefore, 70% alcohol had not removed 
acetylcholine chloroplatinate preferentially. Since in this experiment the 
chloroplatinates of choline and acetylcholine were present in equimolecular 
proportions, the conditions were more favourable for the extraction of the 
acetylcholine salt than would be the case in material from biological sources. 

Solubilities of choline and acetylcholine chloroplatinates in 70 % alcohol. The 
two salts, in excess, were warmed in 70 % alcohol to 50° and then kept at 
37° for 6 hours with frequent shaking. 4 cc. of each of the solutions, after 


filtration, were evaporated to dryness in vacuo over sulphuric acid and the 
residues weighed : 0-0194 g. choline chloroplatinate and 0-0203 g. acetylcholine 
chloroplatinate were obtained. The acetylcholine salt is therefore only very 
slightly more soluble in 70 % alcohol than that of choline. 


SUMMARY. 


1. The properties of the chloroplatinate and chloroaurate of acetylcholine 
have been studied. 

2. Acetylcholine chloroplatinate, which crystallises in anisotropic needles, 
forms a co-ordination compound with one molecule of choline chloroplatinate. 
This double salt, choline-acetylcholine dichloroplatinate, is less soluble than 
either of its components and crystallises in isotropic octahedra. 

3. A structural basis for the well-known dimorphism exhibited by choline 
chloroplatinate is suggested. 

4. The significance of choline-acetylcholine dichloroplatinate in connection 
with the isolation of acetylcholine from natural sources is discussed. 

5. A further identification of acetylcholine, isolated from horse’s spleen 
as cholinc-acetylcholine dichloroplatinate, is provided by the preparation of 
acetylcholine chloroaurate from the double chloroplatinate. 

6. A simple method, of general application and advantage, for the pre- 
paration of chlorides (or hydrochlorides) of bases from their chloroplatinates 
and chloroaurates is described. It consists in shaking aqueous solutions of these 
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salts with metallic silver. Its special usefulness in connection with relatively 
unstable bases is illustrated by the fact that, when applied to acetylcholine 
chloroaurate, acetylcholine chloride is liberated quantitatively, whereas the 
alternative treatment with hydrogen sulphide results in concomitant hydrolysis 
with the formation of choline chloride. 


I wish to thank Dr J. H. Gaddum and Mr L. W. Collison for making many 
physiological determinations of acetylcholine during the course of this 
investigation. 
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CXV. THE RELATION OF CALCIUM IN THE 
SALIVA TO DENTAL CARIES. 
By KATHLEEN HORTON, JOHN MARRACK 
AND IVOR PRICE. 
From the Hale Clinical Laboratory, London Hospital. 


(Received August 29th, 1929.) 


Pattison [1926] concluded that there seems to be some connection between 
the quantity of calcium in the saliva and dental caries, but to prove this 
a more prolonged investigation would have to be made. In the following work 
we have studied this connection on numbers of patients sufficient to exclude 
the effect of chance variations. 


Methods. 


Calcium was estimated by the method of Clark [1921] with the modification, 
suggested by Stanford and Wheatley [1925], of washing the calcium oxalate 
precipitate with a saturated solution of calcium oxalate instead of distilled’ 


water. Before precipitation of calcium as oxalate the mucin in the saliva was 
removed as far as possible; a drop of 10 % acetic acid was added; the saliva 
was shaken for half an hour and then filtered through an ash-free paper. 

The most likely sources of error in this method are the contamination of 
the calcium oxalate precipitate with organic matter and the loss of calcium 
with the precipitated mucin. To check this, estimates were also made on 
27 samples by incinerating without removing mucin, dissolving the precipitate 
in dilute HCl, neutralising to methyl red and continuing the estimation on this 
solution. On the average the results by the incineration method were 0-1 mg. 
per 100 cc. higher than those by the direct method; the difference between 
the two methods was 0-6 mg. on one occasion and 0-3 mg. on another, otherwise 
the difference did not exceed 0-2 mg. 

Duplicates by the direct method agreed well. 

The subjects sucked “acid drops” in order to stimulate the flow of saliva. 


Variations of salivary calcium in the same individual. 


Table I shows that no great differences occur when the secretion of saliva 
is stimulated by various methods. Table II shows that appreciable variations 
may occur in the same person throughout the day. As it was impossible to 
control the conditions under which the subjects were examined, it was necessary 
to examine a large number in order not to be misled by chance variations. 
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Table I. Calcium in saliva (mg. per 100 cc.) after various stimuli. 


Acid Bitter Salt Sweet 
(lemon) (quinine sulphate) (NaCl) (dextrose) 
9-15 9-6 9-6 8-3 
9-1 7 9-65 9-05 
9-1 , 9-5 9-05 
9-2 , 9-8 8-8 
8-8 , 9-45 9-8 


Average 9-06 “i 9-60 9-00 


Table II. Variations of calcium in saliva (mg. per 100 cc.) during 2 days. 


8am. 10am. 12-lpm. 2pm 4pm 6pm. 8pm. 10pm. 12-1 a.m. 
7-7 


7-4 8-0 8-6 8-0 oe 8-4 7-9 5-7 
7-7 . 


7-9 7-7 8-9 8-4 7-5 — 7-4 


Relation of salivary calcium to caries. 


741 children aged from 3 to 12 years have been examined. They were 
patients of the dental clinic and children’s clinic of the London Hospital, or 
new inmates of Dr Barnardo’s Homes, Barkingside. The results are shown in 
Table III in which the children are classified according to the number of 
carious teeth (vertical columns) and the level of calcium in saliva (horizontal 
rows); early cases are shown in brackets. Thus of the 154 children with two 
carious teeth, 47 had between 7 and 8 mg. calcium per 100 cc. saliva; while 
of 141 children with between 8 and 9 mg. calcium per 100 cc. saliva 15 had 
4 carious teeth and in 8 of these cases the caries was in the early stages. This 
table shows very clearly the association between carious teeth and low calcium 
in saliva. Put in another way, of 86 children with no caries only 7 had under 
8 mg. calcium in 100 cc. saliva: while of 159 children with 5 or more carious 
teeth only 25 had over 8 mg. calcium in 100 cc. saliva, and if we omit the 
early cases out of 117 only one had over 8 mg. 


Table III. Relation of calcium in saliva to number of carious teeth. 


Calcium Number of carious teeth 
in saliva A aan 
mg./100 ce. : 3 4 5 Over 7 Totals 
) 0 0 0 i 
0 0 0 
0 0 0 
0 2 0 
2 3 2 
2 ll 18 11 1] 14 
é 32 31 18 12+(1) 11+(1) 
62 35 5+(10) 34+(3) 0+(3) 
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10) 0+(28) 0+(15) 0+(7) 0 0+(1) 

9) 0+(8) 0+(1) 0 0 0+(1) 0 
4) 0+(6) 0 0 0 0 0 
0 0+(1) 0 0 0 0 0 
0 0 0 0 0 0 0 
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The fact that higher salivary calcium is found in the early cases than in 
those in which the disease is more advanced suggests that the reduction of 
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calcium is not the primary change. This is supported by-the results of treat- 
ment. The saliva was examined in 166 cases, about 6 and 10 weeks after the 
extraction or filling of carious teeth. The results are shown in Table IV; the 
grouping according to the number of carious teeth is made wider in order to 
make the number greater. These tables show a definite shift towards higher 
values of calcium in saliva during the 10 weeks after treatment. Under half 
of these cases were new inmates of Dr Barnardo’s home; in these cases changes 
might be due to alterations of the conditions of life, but there was no appreciable 
difference between them and the other cases in which the change could only 
be due to chance or the result of treatment. 


Table IV. Calcium in saliva after treatment. 


One and two carious teeth Three and four carious teeth Over four carious teeth 
A A. 








c on = \ c ’ 
Calcium Before Before Before 
in saliva treat- 6 weeks 10 weeks treat- 6 weeks 10 weeks treat- 6 weeks 10 weeks 
mg./100cc. ment after after ment after after ment after after 

4-5 0 0 0 2 0 0 4 0 0 
5-6 1 0 0 6 0 1 6 3 0 
6-7 4 2 1 17 12 7 9 6 2 
7-8 14 17 14 37 28 22 ll 1l 10 
8-9 24 18 19 13 28 31 4 8 1] 
9-10 29 30 28 9 17 19 0 5 10 
10-11 5 7 13 2 2 5 1 2 2 
11-12 1 3 3 2 1 3 0 0 0 
12-13 0 1 0 0 0 0 0 0 0 
Total 78 78 78 88 88 88 35 35 35 


It seems therefore that the reduction of calcium in saliva is secondary to 
the caries. It is difficult to see why this should occur. It might be due to 
continual slight irritation in the mouth, but in 10 adults with dentures, which 
one would expect to produce as great irritation as painless caries, the calcium 
in saliva was normal; in two out of four cases of alveolar abscess, in which the 
irritation must be much greater, the calcium was high for the number of 
carious teeth. The changes we found were independent of diet, as far as could 
be ascertained; there were no obvious differences between boys and girls, 
or between Gentiles and Jews. 

We propose to do further work on conditions which may affect the con- 
centration of calcium in saliva. 

We have examined the saliva of 65 children from King Edward VII 
Hospital, Sheffield, for which specimens we are indebted to Dr Pattison; most 
of the children were tuberculous and we found calcium concentrations definitely 
lower than in children of our series with the same number of carious teeth, 
which agrees with the results of Pattison [1926]; the number investigated, 
however, is too low for a definite conclusion. 

We have estimated the serum- and salivary calcium at the same time in 
47 adults, and found no relation between the two. 

We estimated the inorganic phosphate in saliva of 54 children. As far as 
any conclusion can be drawn from this number the inorganic phosphate does 
not vary with the extent of caries. 
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SUMMARY. 


Dental caries is associated with a reduction of the concentration of calcium 
in saliva. This reduction appears to be secondary to the caries. 
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CXVI. THE OSMOTIC PRESSURE OF 
CRYSTALLINE EGG-ALBUMIN. 
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From the Hale Clinical Laboratory, London Hospital, E. 1. 


(Received August 29th, 1929.) 


THis work was begun with the intention of studying further the cause of the 
convexity of the osmotic pressure concentration curve of serum or plasma, 
which we have already discussed and ascribed to the Donnan effect [Marrack 
and Hewitt, 1927]; this effect should not make itself felt at the isoelectric 
point of protein. As the serum-proteins have different isoelectric points and 
the globulins probably change their degree of aggregation near their isoelectric 
point, as suggested by their viscosity [Chick and Lubrzynska, 1914], we decided 
to compare the behaviour of egg-albumin, the degree of aggregation of which 
seems to change little. 

The work of Sorensen [1917] on the osmotic pressure of egg-albumin was 
done with (NH,),SO, solutions as the external fluids. We have therefore been 
led to make fresh osmotic pressure measurements with other salts in the 
external fluid. We have in the course of this work investigated the following 
points. 

(1) Does egg-albumin give the same osmotic pressure in the presence of 
other salts as in the presence of moderate concentrations of (NH,),SO,? 

(2) Does the osmotic pressure fall with increasing concentration of sodium 
chloride as with increasing concentration of ammonium sulphate? 

(3) Is the minimum osmotic pressure found on the acid side of the iso- 
electric point with sodium chloride and acetate solutions, as with ammonium 
sulphate solutions? 

We have also measured the osmotic pressure at hydrogen ion concentra- 
tions similar to those used for serum to see if we could find a similarly convex 


pressure-concentration curve. 


Methods. 


The egg-albumin was thrice crystallised by the method of Sgrensen [1917]. 
Crystals were dissolved and subjected to a preliminary dialysis, to remove 
ammonium sulphate, against an appropriate buffer mixture. 

The osmotic pressure was measured as described previously [Marrack and 
Hewitt, 1927], but the bottle was not rocked and the external fluid was 
stirred by a mechanical stirrer, with a mercury seal, passing through the cork. 
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After dialysis, the reaction of the external fluid was measured with a 
hydrogen or glass [Kerridge, 1925] electrode. Other analyses were made as 
in the previous paper. 

As precipitation of protein occurred on keeping at 37° in the presence of 
high concentrations of sodium chloride, osmotic pressure readings were made 
only at 0°, in Exps. 62, 66 a and b, and 71 a and 6, and the osmotic pressures 
at 37° calculated. 


The partial specific volume of egg-albumin. 


Knowing the number of grams of protein per 1000 cc. of solution, the 
specific gravity of the solution, the concentration of salt per 1000 g. of water, 
and the specific gravity of a salt solution of this concentration, we can calculate 
the “apparent specific volume” of the protein. This in all our experiments 
differed little from 0-749, the value found by Svedberg and Nichols [1926]. 
We may therefore regard the “partial specific volume” (and “partial molar 
volume’”’) of the protein as approximately constant and equal to 0-749, and 
can calculate the volume of the salt solution in which a given weight of protein 
is dissolved by subtracting the calculated volume of protein from the total 
volume of the solution. Hence we can calculate the number of grams of 
protein per 1000 cc. of salt solution; all concentrations of protein are given 
in these terms. 


The effect of change of temperature on the isoelectric point. 


The change in the py of the isoelectric point of a simple ampholyte with 
a change of temperature from 7, to T, is given [Stadie and Martin, 1924] by 
the formula 

Ap, = sacar: oe ee | ee (1), 
where qq, Ys Tw are the heats of ionisation of the acid group of the ampholyte, 
the basic group of the ampholyte and of water. It is therefore to be expected 
that the isoelectric point of an ampholyte will vary appreciably with the 
temperature, and this is actually found in the case of haemoglobin, the 
isoelectric point of which shifts by about 0-5 with a change of temperature 
of 20° [Warburg, 1922; Stadie et al., 1925]. Such a shift would be of serious 
moment to us since-we have worked at 37° and 0°. 

We found that the p,, of a solution of egg-albumin (7 %) in 1 % sodium 
chloride, measured with the glass electrode, changed from 4-95 at 18° to 
4-89 at 39°, and infer that the isoelectric point shifts by less than 0-1 with the 
changes of temperature on each side of 18° with which we deal. 

In Exp. 44 in Table III with the high protein concentration 122 g. per 
1000 cc. of salt solution, there is no evidence of excess of acid or base combined 
with protein at 37° and p, 4-71; for if the activity coefficient of the acetate ion 
is affected by the protein to the same very slight degree that the activity 
coefficients of the chloride ion and the cations are affected, the concentration 
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of acetate ion inside will be 24-3 and the chloride + acetate will exactly 
balance the total base. The isoelectric point, therefore, must be close to py 
4-71 at this temperature. 


The effect of salt concentration on the osmotic pressure at the isoelectric point. 


The osmotic pressures found with the ionic strength! of the external fluid 
ranging from about 0-024 to 0-12, that is salt concentration from about 0-19 
to 1-1 % (Table I, Exps. 17 a and 6b, 31a and 6, 44, 29a and 5) lay on the 


130 
120 


110 


Osmotic pressure (cm. of water) 





0 10 20 30 40 50 60 70 80 90 100.110 120 130 140 150 160 170 180 
Protein; g. per 1000 cc. salt solution 


Fig. 1. 
[=] Sorensen’s results calculated for 37°. © Acetate alone. 
4 Dilute acetate + NaCl. wv Electrodialysed. 
> Py 6-75 to 8-0. 

same pressure-concentration curve; they agreed well with those found by 
Sorensen with 4-35 g. (NH,),SO, per 100g. H,O in the external fluid and 
varying protein concentration, and with his measurements with the protein 
concentration approximately constant and from 0-44 to 4-35 g. (NH,).SO, per 


1 The ionic strength p of a salt solution is given by the formula 
p= “ela ore 7 rere =, 
where vg, v4, Vp, --- are the number of gram-ions of the kinds a, 6, c, ... per 1000 g. of H,O, and 
2g %p» 2%» --- their valencies. 
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100 g. H,O. The results were the same whether the bulk of the salt present 
was sodium acetate (Exps. 17 a and b, 29 a and b) or NaCl (Exps. 31 @ and b, 
and 44). 

We can regard the osmotic pressure-concentration curve found in the 
presence of this wide range of different salts as a standard (Fig. 1). 

With higher salt concentrations the osmotic pressure rose slightly above 
the standard (Exps. 81 a and 6, 62, 66 a and 6), but fell again to the standard 
at the highest concentrations (u = 5-9, i.e. NaCl 30 %, Exps. 71 a and 6). 

When the ionic strength of the external fluid was reduced to 0-006 with 
salt concentration of 0-05 % (Exps. 33a and 6b, 38a and b) the osmotic 
pressure at the lowest protein concentrations (33 b) agreed with the standard 
curve, but fell away to 15 % less than the standard at the highest protein 
concentration (Exp. 33 a). 


Effect of protein concentration. 


Up to a protein concentration of about 80g. per 1000 cc. the pressure- 
concentration curve at the isoelectric point is a straight line passing through 
the origin, but above this concentration the pressure rises more rapidly than 
the concentration. 

We may introduce a term in the pressure-concentration equation corre- 
sponding to “b” in Van der Waals’s equation [Adair, 1925]; such a term would 
amount to about 1 cc. per g. protein. 

It is not clear what meaning should be attached to this term. It may be 
the result of the carriage of a certain amount of water with the protein 
molecules; this water cannot be held:as are water molecules round hydrated 
ions, for reasons which we have already discussed [1927], but it is possible 
that water and diffusible ions may be carried in the mesh of the loose structure 
of the protein molecule. 


Molecular weight of egg-albumin. 


It is natural to calculate the molecular weight from the slope of the 
tangent to the pressure-concentration curve at zero concentration; this is 
particularly obvious if we introduce a “b” term as suggested in the last 
section. Such a calculation gives a value about 43,000 which agrees with that 
calculated by Adair [1927] from Sorensen’s [1917] osmotic pressure figures. 
It is not obvious how the latter obtained the figure 36,000 from his data; 
he gives this, however, merely as a tentative suggestion, though it has passed 
into the literature as though it were a fully established constant. 

Svedberg and Nichols [1926], from the sedimentation equilibrium, concluded 
that egg-albumin prepared by simple dialysis contained a mixture of a 
substance of molecular weight 36,000 with sufficient substances of higher 
molecular weight to give a mean molecular weight of 43,000; but that electro- 
dialysed egg-albumin contained only a substance of molecular weight 36,000. 
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Samples of egg-albumin were electrodialysed for us by Mr Campbell Smith, 
with a current density of 1 milliamp. per cm.?; the conductivity of solutions 
79 a, 79 b, and 80 were 1-0 x 10-5, 1-3 x 10-5, 1-26 x 10-5 mhos. at 17°. The 
osmotic pressures given by these solutions fell slightly below, rather than 
above, the standard curve corresponding to a molecular weight of 43,000. 

It is possible that substances of higher molecular weight may be removed 
by electrodialysis, but form again on standing. It is difficult to understand 
how different workers could repeatedly get the same amount of impurity in 
their preparations of crystalline egg-albumin, although this impurity could be 
separated by the ultracentrifuge (i.e. was not adsorbed on the albumin 
molecules), unless the impurity was reformed in constant amount in solution 
on standing. The changes that occur in strong (NH,),SO, solutions might be 
an exaggeration of this formation of substances of higher molecular weight. 

The discrepancy between molecular weights obtained by Svedberg’s 
methods and by osmotic pressure measurements in the case of egg-albumin is 
the more remarkable since these methods give the same result for haemoglobin 
[Svedberg and Nichols, 1927; Adair, 1927] and results in close agreement for 
serum-albumin [Svedberg and Sjégren, 1928; Adair, 1927]. The discrepancy 
mentioned by Svedberg and Sjégren between their molecular weight for serum- 
albumin and that given by Sorensen [1925] is most probably due to Serensen’s 
methods of calculation. The discrepancy between the molecular weights found 
for globulin by Svedberg and Sjégren, and Adair, is to be expected since 
globulins aggregate, particularly in the cold, as the concentration is increased ; 
Adair must have used much stronger solutions than did Svedberg and Sjégren, 
and was working in the cold. 


Effect of hydrogen ion concentration. 


With medium salt concentrations (u from 0-1 to 0-06) there was no 
appreciable change in the osmotic pressure when the py of the external fluid 
was reduced from 4:8 to 4-3 (Exps. 15 a and b, 41 a and b, 45a and b). At pq 
about 4-3 the level of the fluid in the capillary tube did not as usual reach 
a steady level in 24 hours, but continued to rise slowly; the slight discrepancy 
between the two pairs of readings with protein concentration 59-8 and 60-0 
(Exps. 456 and 41a) was probably due to this. At py 3-98 the osmotic 
pressures were considerably above those found at py 4°7-4°8. 

At these more acid reactions, particularly at py 3-98, a considerable pre- 
cipitation of protein occurred; it is possible that the protein which remained 
in solution was, to some degree, denatured. However, at the lower tempera- 
tures no precipitates formed, but the osmotic pressures, allowing for the 
difference of temperature and the amount of protein which precipitated out, 
agreed with those found at 37°. 

The rise of osmotic pressure at py 3°98 above that at py 4-7-4-8 is not 
more than the Donnan effect would account for. 

With a low salt concentration (u = 0-004) the osmotic pressures at py 4:57 
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(Exps. 42 a and 6) were above those found with similar salt concentration at 
Py 4:81-4:83. 

Thus with these low to medium concentrations of sodium acetate and 
sodium chloride there is no reduction of the osmotic pressure on the acid side 
of the isoelectric point, such as was found by Sorensen in the presence of 
higher concentrations of ammonium sulphate. We find, however, a tendency 
to some form of denaturation at these more acid reactions which tends to 
interfere with osmotic pressure measurements. 

In pursuance of our original programme osmotic pressures were also 
measured at hydrogen ion concentrations below the isoelectric point (pg 6-7- 
8-0); the external fluid in these experiments (1a, c and d, 3a, b, ¢ and d, 
9 a and 6, 11 ¢ and d) was a sodium chloride-bicarbonate mixture and the py 
was calculated from the Henderson-Hasselbalch equation as in our previous 
paper [1927]. 

The pressure-concentration curve found was similar to that found for 
serum at these hydrogen ion concentrations and its shape can be ascribed to 
the Donnan effect in the same way. The difference between the osmotic 
pressure at py 6-76 and that at the isoelectric point is nearly as great as the 
calculated Donnan effect for ideal solutions; but the increase of osmotic 
pressure when the py, increased beyond 6-7 was less than that calculated. 
In agreement with this we find evidence, in the distribution of electrolytes 
(Table III), that the activity coefficients of the diffusible ions were more 
affected at the higher py. In this connection also an explanation may be 
obtained from the idea of the protein molecule as a sponge-like structure. 
The acid groups which first combine with base may be those outside the 
molecule, able to produce a Donnan effect in the solution, while the groups 
which combine with base only at higher py may be inside, and any Donnan 
effect that they produce may be, not between solution and the fluid outside 
the membrane, but between the free solvent and the fluid entangled in the 
molecule. 

The effect of egg-albumin near the isoelectric point on the activity of the 
diffusible ions seems very slight (Exp. 44, Table III). 


The effect of salt concentration on the activity coefficient of egg-albumin. 


Scatchard [1927] has shown that the activity coefficient (f,) of a non- 
electrolyte in an aqueous salt solution is given by the equation 


_ Ne Bp 
Info = ErD,b 


where D, is the dielectric constant of water, D, that of the solution, and 8 
a constant such that 


1 1 ; tas 
Dz as Dy (1 ‘ee Bmz,); 


m, being the molar concentration of the non-electrolyte, b the mean radius 
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Table I. 


Osmotic pressures of egg-albumin, near the isoelectric point, in presence of moderate 
concentrations of salt. 


Protein 
concentra- Osmotic 
Tonic tion g. per Osmotic pressure 
strength of py of 1000 ce. pressure at lower 
external external salt at 37° temperature 
solution solution solution cm. water 7m. water 
4-80 104-5 67-1 4 at 0° 
4-80 63-0 38-6 3 at 0° 
4-81 77-6 49-6 RB atll® ) 4. 094 N 
4-81 44-4 27-45 Te oe 
4-71 122-0 81-0 he ie 
4-65 74:3 45-7 ) 
4-65 38-9 23-7 
4-90 99-7 62-6 - Acetate alone 
4-90 55-0 32-9 
4-80 47-6 28-45 
4-80 48-4 29-25 
4-80 44-2 25-8 


) 
j Acetate alone 


} Electrodialysed. 
Acetate alone 


bobo bo bob 
bo Or © sk bo 


Table II. 


Protein Osmotic 
concen- pressure 
Ionic tration Osmotic Osmotic calculated 
strength g. per pressure pressure from 
of Py of 1000cc. at 37° at lower _—_ standard 
external external of salt cm. temperature curve 
solution solution solution water cm. water 
0-006 4-83 147-4 88-9 ) 
0-006 4-83 35-0 22-0 re 22: Low ionic strength. 
95-2 53-8 30°7 {| Acetate alone 
90-5 50-5 57+ 
58-5 = (39-5) ; ' 
128-0 (96-0) 3 50 | 
79-0 (54-0) ‘5 | High ionic strength. 
137-0 (94-0) 3 , 92-5 } Acetate (about 
79:0 (50-8) . ‘0 | 0-014 M)+NaCl 
98-9 67-9 4: : 33° 
59-2 37-4 : , 36 
60-0 37-0 
33-0 
102-0 
59-8 38- “5 2 | Low py. Acetate 
74:1 57: i ’ alone 
72-1 
142-0 
91-5 
94-1 
63-2 51-2 
715 © 61- 56-0 at 1° 
43-8 32- 29-45 at 1° 
53-95 at 1° 
39-9 at 1° 
20:7 at 1° 


oo 


© 


oot s1s1 DB 


\ High py. Bicar- 
bonate + NaCl 
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Table ITI. 


Partition of ions. Protein in g., other ions in mille-equivalents, per 1000 cc. of salt solution, 
Acetate concentration in internal fluid calculated. Base combined with protein as mille-equi- 
valents per g. 


External fluid Internal fluid Base 
A ~ — — com- 
HCO, = Total HCO, Total bined 
Exp. Cl or base or base with 
No. Pu =A, acetate =B, Protein acetate =B, protein 
le 8-0 140-9 156-0 69-8 14-0 — —_ 
ld 8-0 140-9 56-0 41-8 14-6 0-46 
3c 7-70 142-9 7-7 71-5 14-0 
3d 770 =©142-9 43-8 14-45 
9a 766 142-6 54:8 i4-3 
9b 7-66 142-6 34-0 14-8 
lle 6-75 140-9 94-1 14-0 
lld 6-75 140-9 63-2 14-5 
l7a 4-80 — 104-5 
176 4-80 — 63-0 — 
3la 4-81 103-9 77-6 104-4 
316 4-81 103-9 44-4 104-1 
44 4-71 103-0 122-0 
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of the ions of the salt, » the ionic strength of the solution and ¢ the unit of 
electric charge. According to this equation the activity coefficient is in- 
dependent of the concentration of the non-electrolyte and is an.exponential 
function of the concentration of the salt. 

Equation (2) is strictly applicable only when the solution is very dilute, 
but Scatchard has shown that it can be applied to higher salt concentrations 
through the compensation of several factors, if there is no other cause for 
deviation from ideality than the electric charges of the ions; but it agrees 
extremely well with observations on the solubility of non-electrolytes including 
egg-albumin and serum-globulin in salt solution (the “salting out” effect) 
[Lindestrom-Lang, 1924; Randall and Farley, 1927]. We will therefore 
consider its relation to osmotic pressure. 

We can deal with the relation of osmotic pressure to protein activity in 
a solution of three components, water, protein and salt, on the lines followed 
by Lewis and Randall [1923]. 

Suppose we vary the concentration of protein inside a collodion sac, which 
is immersed in a large volume of a solution of constant composition, and apply 
such a pressure P (the osmotic pressure) to the internal solution that equili- 
brium is attained and no further water or salt diffuses through the membrane. 

Let n,, %,,%, be the number of mols of salt, water and protein in a volume 
fe F,, F,,, F » the partial molar free energies and V,, Vip, V, the partial 
molar volumes of salt, water and protein; a, and f, the activity and activity 
coefficient of protein. 

Consider for convenience a volume V of the internal fluid in which the 
total number of molecules (n, + ,, + n,) is constant; let the molar free energy 
of this solution be F. 









: 
buffer 





















OSMOTIC PRESSURE OF EGG-ALBUMIN 1087 


Since we may consider F,, F,, and F, as functions of the variables n,, 
Ny, N, and P, 


dF, ~ (Fn!) dn, + + (jr) dn, + (= ) dn, + (3) es (3), 
dF, = (F ) dn, + (Fi #) dit + i ) dng + (5p) a ies (4), 
and dF, = (F? Fe) dn, + (5 2) dit, + (5 ?) dng + (5 Zp) oP anaes (5). 


The partial molar free energies of salt and water in the solution in the sac 
must be equal to their partial molar free energies in the external fluid; they 
are therefore constant, and dF’, and dF, both = 0. Therefore multiplying (3) 
by ,, (4) by n,, and (5) by n,, and adding, 


[n() +m (Be) +m (rom [ms (+m (Ee) +m (8) 
Dv Bm Gl) + eee Gh) + Ce) Se] 


Now the terms in the first three square brackets each equal zero [Lewis and 
Randall, 1923, ch. rv, equation (20)]; and 


me (5p) + (Se) +» (Git) = (ae) = at 
[Lewis and Randall, 1923, ch. x1v, equation (9)]. 
eM snes 





Therefore 


We may put V= W+ nV», since we find V,; the partial molar volume 
of egg-albumin, constant. W is then the volume of an amount of the protein 
solution, containing a constant total number of molecules, less the volume 
occupied by the protein; this, in practice, we find to remain constant when 
the composition of the external salt solution is held constant. 


Wieels dP = np dF, , 
ete CO ates (7). 


Nop 
1+ W 


Now F, = In.a, + constant = In (fo ener ) + constant. 
& w D 


Therefore WwW en. ee a) 
" rp oP no -dln Pret Ny tN, 
1+ v 


Therefore 





or ie 





(din.n, + dIn.f,), 





ate ns 
since n, + N, + Ny is constant 
= —(dn,+m,dIn.fo) = wanes (8). 
1+- Np D 
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Integrating 
Ww | NaV Np nN 
=F ln(1+ ay?) + | 2— din.f, 


D 0 NyVy 
e 1+ W 


Nn _ MyV ‘mp On 
o(1 aa) + i —— din-f, 
when n,V,, is small compared with W. 
If f, has the value given by equation (2) it is independent of the protein 
concentration; so that f, does not change over the range of integration, and 


dinf, = 0. 


WP. 1 — "2p 


Consequently RT ( OW ) 


This makes the osmotic pressure independent of the salt concentration. 
Equation (2) therefore agrees fairly well with what we have found in NaCl 
solution, but does not cover the effect of (NH,).SO, in high concentrations. This 
also follows from the fact that (NH,),SO, has a very different effect on osmotic 
pressure from that of NaCl, although according to equation (2) the effects 
should be similar, since the effect of NaCl on the solubility of non-electrolytes 
is similar and about equal to that of (NH,),SO,. 

To give the osmotic pressures found with high concentrations of (NH,),S0, 
we should have to introduce into equation (2) a negative term containing 
C, and p, which would signify that in strong (NH,),SO, solutions the activity 
coefficient of egg-albumin falls with the albumin concentration and that this 
fall is greater the greater the (NH,),SO, concentration. Such a term, although 
sufficient to account for the osmotic pressure effects, would not greatly effect 


the solubility relations because the term = oe becomes so great in high salt 
“= 


concentrations. 

This fall of activity coefficient with increasing albumin concentration in 
high concentrations of (NH,),SO, agrees with Sorensen’s original suggestion 
that aggregation of the protein molecules takes place. This idea well suits the 
modern conception of long protein molecules which can form networks. Such 
linking undoubtedly occurs with proteins such as gelatin and globulins, and 
the striking thing is not that egg-albumin molecules aggregate under certain 
conditions, but that they should remain separate, behaving as separate 
molecules, over a wide range of conditions. The changes in the optical rotation 
of egg-albumin, with varying (NH,),SO, and hydrogen ion concentration, 
found by Jennsen-Hansen [1927], suggest changes in the molecule similar to 
those which occur in gelatin [Kraemer and Fanselow, 1928], together with 
changes in the degree of aggregation. 

Egg-albumin is a very large and complex molecule and it is enough to 
conclude that it forms simple solutions of separate molecules of constant 
weight in solutions of various salts of moderate concentration, without 
straining probabilities by trying to consider it as an inert mass even in the 
most extreme conditions. 
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SUMMARY. 


1. In the presence of medium concentrations of sodium acetate and sodium 
chloride, isoelectric egg-albumin has the same osmotic pressure as in the 
presence of medium concentrations of ammonium sulphate. 

2. Deviations occur from these values in the presence of high concen- 
trations of sodium chloride and low concentrations of sodium acetate but less 
than those found in the presence of ammonium sulphate. 

3. The molecular weight of egg-albumin calculated from our figures and 
from those of Serensen is 43,000. Electrodialysed egg-albumin gave a slightly 
higher figure. 

4. The fall of osmotic pressure on the acid side of the isoelectric point 
found by Sorensen in the presence of (NH,),SO, was not found by us in the 
presence of sodium chloride and sodium acetate. 

5. At py 6-7-8-0 the osmotic pressure-concentration curve of egg-albumin 
resembles that of serum, confirming that the shape of this curve is due to 
a Donnan effect. 

6. Ammonium sulphate has a special effect on the activity of egg-albumin 
apart from the salting-out effect. 


One of us (L. F. H.) was working under the auspices of the Freedom 
Research Fund. 
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INTRODUCTION. 


ASCHHEIM and ZoNDEK [1927] showed that the urine of pregnant women 
contained large amounts of oestrin which could readily be extracted by ether 
or chloroform. The yields obtained were about 1000 mouse units per litre, 
which weight for weight compares very favourably with yields from ovaries 
or placentae. In a later paper [1928] they showed that yields could be obtained 
as high as 10,000 mouse units per litre. Since urine usually contains only 
a relatively small amount of ether-soluble material, the crude product so 
obtained is considerably more potent than the crude ether-soluble material 
from other sources. In addition the ready accessibility of the raw material 
and the economy in labour and solvents make this the most convenient 
starting material for a chemical attack on oestrin. The urine of pregnancy has 
since been used as a source of oestrin by several other workers [Slotta, 1927; 
Veler and Doisy, 1928; Glimm and Wadehn, 1929; Marrian and Parkes, 1929]. 

As a preliminary to such a chemical attack, several preparations have 
been made, by purely empirical methods that are known to yield active 
products, and accurately standardised, so that previous work on the stability 
and purification of the hormone could be repeated and extended in a strictly 
quantitative manner. 

Essentially, the process in most cases consisted of a brief aqueous saponi- 
fication of the ether-soluble material from the urine and subsequent extraction 
of the unsaponifiable matter with ether. This unsaponifiable matter contained 
varying quantities of a white crystalline solid, superficially very similar in 
appearance to cholesterol but, unlike cholesterol, only very slightly soluble 
in ether. This property provided an easy means of removing the more soluble 
pigmented fraction containing the oestrin. By recrystallisation of the solid 
from boiling acetone, perfectly white, crystalline plates were obtained which 
melted at 233-235°. On microscopic examination this appeared to be a single 
substance with a characteristic crystalline form (Plate V1). 











BIOCHEMICAL JOURNAL, VOL. XXIII, NO. 5 PLATE VI 


Y 

6B 

= 
=] 





97: The alcohol isolated from urine of pregnancy 
cslere 


lid 


j 
ohle 














OESTRIN 1091 


The substance could not be identified in the unsaponifiable matter from 
batch 8.B. 2, but in this case chloroform was used throughout the process 
instead of ether, as a result of which large amounts of caffeine appeared in the 
final product. Since the melting-points and solubilities of this substance and 
caffeine are very similar, separation was impracticable, while identification by 
microscopic examination failed owing to the large excess of the latter substance. 

However, the substance was detected with unfailing regularity in all the 
numerous sub-batches of the subsequent large batches and there can be no 
doubt that it is a usual constituent of the unsaponifiable matter of such urines. 
The question of its specificity to pregnancy will be discussed in a later section. 

The present communication describes in detail the preparation and 
standardisation of these extracts, and includes the results of an investigation 
of the chemical nature of this unknown substance. 

The method of assay described in a previous paper [Marrian and Parkes, 
1929] has been used throughout this work. 

The urine was collected daily from patients one or two weeks before 


parturition. 


PREPARATION AND STANDARDISATION OF EXTRACTS. 


Batch S.B. 1. This was a water-soluble extract prepared from 19 litres of 
urine by a method based on that of Zondek and Brahn [1925]. The details 
have been described previously [Marrian and Parkes, 1929]. 

Batch S.B. 2. 155 litres of urine were collected in vessels containing a small 
quantity of chloroform and sulphuric acid. The urine was evaporated in open 
basins to about a quarter of the original volume and extracted 6-8 times with 
chloroform. This extract was evaporated to dryness and then heated for 
30 minutes with 800 cc. of 5 % alcoholic KOH. Most of the alcohol was then 
removed by evaporation under reduced pressure and, after dilution with 
water, the mixture was extracted eight times with chloroform. The chloroform 
extract, after washing six times with water, was evaporated to dryness in vacuo. 
The product was a reddish-brown gum and weighed 5-01 g. By extraction of 
this with 25 cc. of ice-cold ether, 0-53 g. of insoluble crystalline material 
remained behind. This subsequently proved to be impure caffeine. 

The ether-soluble material was then resaponified with 50 cc. of 5% 
alcoholic KOH, diluted with water and re-extracted eight times with chloro- 
form. The residue from this extract after thorough washing with water was 
extracted ten times with 50 cc. 0-1 N acetic acid in a boiling water-bath for 
10 minutes. Each acid extract was filtered through a pad of glass wool, the 
residual unsaponifiable matter being redissolved in chloroform and evaporated 
to dryness each time before the next addition of acid in order to expose a fresh 
surface for extraction. 

The combined extracts were neutralised to py 6-8 with NaOH, made up 
to 1 litre with water, and boiled, 0-1 % “tri-cresol” being added before boiling 
as a preservative. 
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The product was a slightly yellow opalescent solution. 

Assay of S.B.2. 0-5 cc. was diluted to 10 cc. with water. 0-4 cc. of this 
was injected into each of 20 mice in four doses of 0-1 cc. spread over 36 hours. 
Four mice, or 20%, gave a positive vaginal reaction as previously defined 
[Marrian and Parkes, 1929], corresponding to a dose of 0-82 mouse unit per 
mouse. The solution therefore contained 41 mouse units per 1 cc. 

Batch E.P.U. 21 litres of urine were collected without any preservative 
and extracted six times with ether. The extract was washed six times with 
water, and evaporated to dryness. This residue was saponified by heating on 
a boiling water-bath for 10 minutes with 200 cc. 4% KOH, cooled, diluted 
with water and extracted with ether eight times. The extract after washing 
eight times with water was evaporated to dryness and yielded 0-257 g. of a 
yellow gummy material mixed with a white crystalline solid. On treating the 
product with 5 cc. of ice-cold ether, the white solid was left undissolved and 
was filtered off. This was washed with a further 5 cc. of ether and the combined 
ethereal solutions were evaporated to dryness. The gummy residue, weighing 
0-233 g., was dissolved in a mixture of alcohol and chloroform and made up 
to 250 cc. The addition of chloroform was necessary as the material seemed 
to be partly insoluble in alcohol alone. 

Assay of E.P.U. 0-64 cc. alecohol-chloroform solution was diluted to 10 ce. 
with water after boiling off the chloroform. The resulting suspension was stable 
and quite suitable for injection. Four doses of 0-1 cc. produced a 75 % and 
70 % vaginal response in two groups of 20 mice. These correspond to doses 
of 1-34 and 1-25 mouse units per mouse, respectively, 7.e. 52-3 and 48-8 mouse 
units per 1 cc. of original alcohol-chloroform solution: mean, 51 mouse units 
per 1 ce. 

Batch P.U.4. This batch of 164 litres was worked up in a number of 
small <ub-batches of about 20 litres each, so that the effect of variations in 
the method of extraction on the yield of unsaponifiable matter and of the 
unknown substance could be studied. As a result of this the following method 
was adopted and was used for the greater part of the batch. 

The urine was collected daily in vessels containing a small amount of 
toluene as a preservative. It was then extracted in large funnels, once with 
toluene and three times with ether. The toluene and ether extracts were 
evaporated to a small bulk, combined, and stored in alcohol until it was con- 
venient to proceed with the saponification. 

When about 20 litres of urine had been so treated, the alcohol was eva- 
porated from the combined extracts and the residue heated for 10 minutes 
with 200 cc. aqueous 4 % KOH on a boiling water-bath. The mixture was then 
cooled, diluted, and extracted with ether eight times. The addition of a small 
quantity of toluene to the ether used in these extractions greatly facilitated 
the breaking of otherwise very troublesome emulsions. The total extract was 
washed eight times with water to remove soaps and traces of alkali, and 
evaporated to dryness. The last traces of water were removed by evacuation 
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of the flask for half an hour at 100°. The unsaponifiable matter obtained in 
this way varied much in amount and appearance, even with the same method 
of preparation. In some cases the residue consisted almost entirely of a white 
crystalline solid, in others of a small amount of light yellow gummy matter 
together with a little crystalline solid. Often the product was highly coloured 
with red pigments. Invariably, however, these products contained a small 
amount of solid, relatively insoluble in ether, which had the same characteristic 
crystalline form as the first preparation. The total amount of unsaponifiable 
matter obtained in this way was 2-069 g. This was extracted with 50 cc. of 
ice-cold ether, filtered and the insoluble material washed with a further 5 cc. 
of ether. 

The ether-soluble material, weighing 1-611 g., was resaponified by heating 
to 100° for 0-5 hour with 0-5 g. sodium in 30 ce. alcohol. After dilution with 
water, the mixture was extracted with ether six times. The ether extract 
after being washed six times with water was evaporated to dryness and 
yielded 1-106 g. of a clear reddish-brown gum. This material was stored in 
chloroform. 

Assay of P.U. 4. The total unsaponifiable matter was made up to 250 cc. 
in chloroform. 1 cc. of this was diluted to 10 cc. with alcohol and then 0-22 cc. 
of this alcoholic solution to 10 cc. with water. This injected in four doses of 
0-1 cc. produced a positive vaginal reaction in 60 % of a group of 20 mice, 
corresponding to a dose of 1-09 mouse units per mouse. Thus the total number 
of mouse units obtained was 309,500, the weight of 1 mouse unit being 
0-00357 mg. 

Batch P.U.5. 164 litres of urine were extracted by the method nsed in the 
case of P.U. 4 in order to obtain a larger quantity of the unknown sub- 
stance for chemical examination. The oestrin fraction has not yet been 
standardised. Before separation of the unknown substance, the crude un- 
saponifiable matter was resaponified with sodium ethoxide. The total un- 
saponifiable matter weighed 4-400 g. On account of persistent clogging of the 
filter it was not practicable to effect a separation by means of ether as in the 
previous batches. Two extractions with ice-cold acetone, however, removed 
the more soluble oestrin fraction, leaving an insoluble residue from which the 
substance was subsequently separated. 

A summary of the yields and weights of mouse units from the different 
batches is shown in Table I. 


Table I. 
Volume Mouse units Weight of No. of mouse units 
of urine per 1 litre 1 mouse unit per 1 ce. 
Batch No. litres urine mg. final solution 
8.B. 1 19 974 0-0016 37 
S.B. 2 155 265 — 41 
E.P.U 21 607 0-0183 51 
P.U. 4 164 1887 0-00357 — 
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THE UNIDENTIFIED COMPOUND. 


Purification. The ether-insoluble material was extracted in each case with 
several successive amounts of boiling acetone and the solution filtered hot. 
A small amount of white amorphous material, the nature of which has not 
been investigated, remained undissolved. In the case of batch P.U. 5, where 
the separation was effected in the first place with cold acetone, a bulky red 
amorphous substance remained undissolved in the boiling acetone. On cooling 
the acetone solution perfectly white crystalline plates were deposited. These 
were filtered and again crystallised from boiling acetone. The melting-points 
of the finally purified products from batches P.U. 4 and P.U. 5 were 232-233° 
and 233-234-5° (uncorrected). In both cases the substance melted sharply and 
no sign of decomposition was observed. The presence of the hot acetone- 
insoluble impurity could be detected in impure specimens by a darkening of 
the substance a few degrees below its melting-point. 

The yields of unsaponifiable matter and of the compound (X) are shown 
in Table IT. 

Table IT. 


Weight of 
Volume of Weight of unsap. matter Weight of X 
urine unsap. matter per 100 litres Weight of X per 100 litres 
Batch No. litres g. g. g. g. 


B. 19 0-275 1-447 0-0415 0-218 
PU. 21 0-257 1-224 0-0041* 0-019 
U. 164 2-069 1-261 0-2133* 0-130 
U. 


164 4-400 2-683 0-1420 0-087 


* The impurity insoluble in hot acetone was not removed before weighing. 


Analysis and molecular weight. Nitrogen, sulphur and halogens were 
absent. Micro-combustions on samples from batches P.U. 4 and P.U. 5 gave 
the following results: 

X (batch P.U. 4) 4-480 mg. gave 12-810 mg. CO, and 4-480 mg. H,0. 

C = 77°97 %, H = 11-11 %. 
X (batch P.U. 5) 4-941 mg. gave 14-170 mg. CO, and 5-000 mg. H,0. 
C = 78-20%, H = 11-24 %. 

Molecular weight determinations were carried out by Rast’s camphor 

method. The results are summarised in Table III. 


Table ITI. 


Calculated for 
X (average i naa aoa 
figures) C,,H320, CypH 9% 
Cc 78-08 %, 17-14 %, 78-07 % 
if 11-18 % 11-43 % 10-95 % 
O 10-74 % 11-43 % 10:95 % 
M.W. 284 280 292 
(av. of 4 results) 


The combustion results indicate that the compound has a Cyy or Cy) formula, 
although the molecular weight determinations appear to be more in agreement 
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with C,,H,,0,. However, the error of micro-molecular weight determination 
by this method on a compound of such a high molecular weight may be 
considerable, and thus one or other of the two higher formulae is considered 
to be more probable. 

Solubility and general properties. One of the most striking characteristics 
of the substance is its low solubility in all the common organic solvents. Its 
solubility in ether although extremely low is nevertheless sufficient to make it 
possible for it to be extracted completely from the saponified mixture if fairly 
large volumes are used. Its solubility in light petroleum and in cold acetone 
is also very slight. In cold benzene, toluene, ethyl alcohol, methyl alcohol, 
chloroform, the solubility is very much greater, but rough quantitative 
determination showed it to be less than 1 % in each case. On heating, the 
solubility in these solvents is increased to some extent. In boiling acetone the 
solubility is fairly high and this solvent is perhaps the most convenient to : 
employ for recrystallisation. The substance is completely insoluble in hot or 
cold water, or aqueous alkalis. 

The iodine value of the substance was determined on 8 mg. by a micro- 
modification of Dam’s [1924] method. No absorption of bromide occurred; 
the substance is therefore saturated. 

A few of the colour reactions characteristic of the sterols were tried. 

Salkowski’s was completely negative. Lipschutz’s so-called “oxycholesterol” 
reaction with benzoyl peroxide, acetic and sulphuric acids was also negative. 
The Liebermann-Burchardt reaction with acetic anhydride and H,SO, in 
chloroform solution gave a deep red-brown colour. This reaction which was 
positive for every batch is very sensitive and is given strongly by a trace of 
the compound. The substance was not precipitated from hot alcoholic solution 
by an alcoholic solution of digitonin. 

Attempts to determine the specific rotation have so far been unsuccessful 
owing to the difficulty in obtaining anything other than a very dilute solution 
in any of the usual solvents. 

The pure substance had no oestrus-producing activity as shown by the 
following experiment. A weighed quantity was dissolved in a minimal quantity 
of boiling alcohol. A small quantity of water was then added and the alcohol 
boiled off. On shaking, an emulsion suitable for injection resulted. This was 
injected into three ovariectomised mice in four doses spread over 36 hours, so 
that two received a total amount of 0-13 mg. and one 0-26 mg. The vaginal 
smears were completely negative. 









































Alcoholic nature: preparation of the acetate. 

The presence of two oxygen atoms in the molecule suggested that the 
substance might be an alcohol. Its low solubility in ether and its relatively 
greater solubility in methyl or ethyl alcohol would be in keeping with the 
presence of two hydroxyl groups. Accordingly an attempt was made to 
prepare an acetate. 0-0585 g. of the substance (batch P.U. 4) was heated to 
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100° for 2 hours with 5 cc. of acetic anhydride, in which it readily dissolved. 
Excess of water was then added and after scratching for some time with a 
glass rod a perfectly white solid separated out. This was filtered off and 
washed thoroughly with water to remove excess of acetic anhydride and 
yielded 0-0684 g. of the crude acetate. 

In a second experiment 0-0804 g. of the substance from batch P.U.5 
yielded 0-1037 g. of the crude acetate. If the substance is a dihydroxy-alcohol 
of the formula C,,H,,(OH), then 292 g. (1 mol) should yield 376 g. of the 
diacetate, C,,H;9(O0COCH,),. If only one oxygen atom is present as hydroxyl 
the corresponding yield should be 334g. Actually the yields of the two 
experiments described above work out respectively at 343 g. and 378 g. per 
1 mol. These figures suggest that both oxygen atoms are present as hydroxyl 
groups. 

Attempts to estimate the number of hydroxyl groups in the alcohol by a 
micro-modification of the method of Hibbert and Sudborough [1904] failed 
owing to the insolubility of the alcohol in the amyl ether used. All efforts to 
overcome this difficulty by the use of other suitable solvents with a low vapour 
pressure have failed for the same reason. 

The acetate was found to have a much greater solubility in the common 
organic solvents than had the parent alcohol. It was readily soluble in the 
cold in ethyl alcohol, chloroform and acetone. It was found, however, to be 
only very slightly soluble in cold methyl alcohol, but readily soluble on 
heating. The acetate by this means could be easily recrystallised. After two 
such recrystallisations the preparations were considered to be fairly pure. 

The preparation of acetate from batch P.U. 4 before the first crystallisation 
melted to an opaque liquid at 158-162°. After one recrystallisation a partial 
melting was observed at 160-163°. On raising the temperature no change was 
observed up to 177° when it melted completely. After the second recrystal- 
lisation the substance melted sharply and completely at 177-5-178-5°. 

The preparation from batch P.U. 5 still showed this double melting-point 
even after two recrystallisations. 


Analyses and molecular weight. 
Batch P.U. 4. 2-835 mg. gave 7-690 mg. CO, and 2-51 mg. H,0. 
C = 73-96 %, H = 9-84 %. 
Batch P.U. 5. 5-100 mg. gave 13-875 mg. CO, and 4-62 mg. H,0. 
C = 74-20 %, H = 10-06 %. 
M.W. (Rast): 358, 327. Mean: 343. 


Calculated for C,sH39(OCOCH,),: C= 72-52%, H= 9-89 %, m.w. = 364. 
C\sHs,0.0COCH,: C= 74:53 %, H = 10-56 %, m.w. = 322. 
CigH39(0COCH,),: C= 73:40%,H= 9-56 %, m.w. = 376. 
C,g5H;,0.O0COCH,: C= 75-45%, H = 10-18 %, m.w. = 334. 
C.5H32(0COCH;),: C= 73'85%,H= 9-74 %, m.w. = 390. 
C.5H330.O0COCH,: C= 75-86 %, H = 10-34 %, m.w. = 348. 
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These results would indicate that the preparation from batch P.U. 4 was 
almost certainly the pure di-acetate of C,,H39(OH), or C.>H3.(O0H),, while that 
from batch P.U. 5 was a mixture of the mono- and di-acetates. These con- 
clusions probably explain the observations on the melting-points of the two 
preparations. 


Examination of normal urines for the unidentified compound. 

Two large batches of urine from normal healthy males have been worked 
up by the methods previously described. 

The first batch of 40 litres was collected from about fifteen different 
workers in the laboratory, and after thorough extraction with ether and 
saponification with aqueous alkali yielded 0-146 g. of unsaponifiable matter. 
This material showed considerable oestrus-producing activity [Fee, Marrian 
and Parkes, 1929], but apart from traces of a dark red amorphous pigment, it 
was all readily soluble in a very small volume of ether. 

The second batch of 23 litres was collected from twenty-four healthy male 
students and yielded 0-171 g. of unsaponifiable matter. On treatment with 
ether none of the alcohol was observed. 

21 litres of urine from healthy non-pregnant women were extracted with 
toluene and ether in the manner described for batches P.U.4 and P.U. 5, 
yielding 0-185 g. of unsaponifiable matter. This was all completely soluble in 
a very small volume of ether. 

From these experiments it must be concluded that the alcohol is not 
present in the urine of healthy males and healthy non-pregnant females. 


DISCUSSION. 


The yields obtained can in no case be considered to represent the total 
oestrin content of the urine, or even the maximum obtainable by the methods 
in general use. In the first place it has been already pointed out that the 
extraction of the unsaponifiable matter by dilute acetic acid leaves a large 
amount of the activity in the residue [Marrian and Parkes, 1929] and this 
doubtless accounts for the low yields for batches 8.B. 1 and 8.B. 2. Secondly, 
recent work by Glimm and Wadehn [1929] and by Funk [1929] suggests that 
the extraction of the hormone from alkaline media by ether may be far from 
complete. In this case there would be a serious loss of activity on saponification. 
The object of preparing the extracts, however, was merely to obtain standard 
preparations so that the stability and methods of further purification of the 
hormone could be studied quantitatively. 

The significance of the dihydroxy-alcohol in the urine of pregnancy is not 
at present clear. Although it appears to be absent from male urine and from 
the urine of non-pregnant females, no claim as to its specificity to pregnancy 
can be made at present. At one time it was thought that it might be a sub- 
stance, or the metabolic product of a substance, administered to the patients 


1098 G. F. MARRIAN 


Although enquiry failed to reveal any such likely substance, this possibility 
must still be borne in mind. 

The frequency of pathological conditions and metabolic disturbances 
during pregnancy might conceivably be the cause of the appearance of this 
alcohol in the urine. Until further work has been carried out, however, no 


conclusions can be drawn. 
SUMMARY. 


1. Methods of preparing active oestrus-producing concentrates from the 
urine of pregnant women are described in detail. These methods, while 
probably giving a low yield, result in preparations suitable for further chemical 


work on the hormone. 

2. There is present in the unsaponifiable fraction of the ether-soluble 
material from the urine of pregnancy varying amounts of a solid, saturated 
alcohol. The purification and properties of this alcohol are described. Its 
molecular formula is considered to be either C,gH39(OH), or C.pH5.(OH).. 

3. Although this substance could not be detected in the urine of normal 
males and normal non-pregnant females, no claim as to its specificity to 


pregnancy is made. 


The expenses involved in this work have been defrayed by a grant from 
the Medical Research Council, to whom the author wishes to express his 


thanks. Thanks are due also to Prof. J. C. Drummond and Dr A. 8. Parkes 
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number of ovariectomised mice used in this research. The author also wishes 
to express his thanks to Prof. F. J. Browne of University College Hospital 
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Hospital. 

REFERENCES. 


Aschheim and Zondek (1927). Klin. Woch. 6, 1322. 
(1928). Klin. Woch. 7, 8. 

Dam (1924). Biochem. Z. 152, 101. 

Fee, Marrian and Parkes (1929). J. Physiol. 67, 377. 

Funk (1929). Proc. Soc. Exp. Biol. Med. 26, 568. 

Glimm and Wadehn (1929). Biochem. Z. 207, 361. 

Hibbert and Sudborough (1904). J. Chem. Soc. 85, 933. 

Marrian and Parkes (1929). J. Physiol. 67, 389. 

Slotta (1927). Deutsch. med. Woch. 58, 2158. 

Veler and Doisy (1928). Proc. Soc. Exp. Biol. Med. 25, 806. 

Zondek and Brahn (1925). Klin. Woch. 4 2445. 








his 
no 


he 
ile 
al 











CXVIII. METHODS FOR THE DETERMINATION 
OF THE NITROGENOUS CONSTITUENTS 
OF A CYANOPHORIC PLANT: 

PRUNUS LAUROCERASUS. 


By MURIEL ELAINE ROBINSON 
(Research Fellow of Newnham College). 
















From the Biochemical Laboratory, Cambridge. 







(Received August 31st, 1929.) 






THE present communication records an investigation of methods applicable 
to the determination of certain nitrogenous constituents of cyanophoric plants. 
The technique usually employed in estimation of the nitrogen distribution in 
plants entails maceration of the tissues with water and some plasmolysing 
agent, and subsequent separation of the heat-coagulable and water-soluble 
substances. With rare exceptions, the cyanophoric glucosides present in 
plants are accompanied by active hydrolytic enzymes, which rapidly bring 
about liberation of volatile hydrogen cyanide on injury of the plant tissues; 
thus Treub [1907] has shown that an appreciable hydrolysis of gynocardin 
takes place if the leaves of Pangium edule are put into boiling absolute alcohol; 
Willaman [1917], moreover, has stated that the hydrolysis of dhurrin in 
Sorghum vulgare may be practically completed during the time taken to raise 
the temperature of the leaves to boiling-point. A method of extraction 
involving maceration of the tissues is therefore unsuited to investigations of 
such plants, as serious losses of cyanide-nitrogen would be thereby unavoidable. 

The methods recorded below have been adapted to the use of such quantities 
of material as can be conveniently utilised in a respiration experiment, 
namely 10-20 g. of fresh weight of fully grown leaves, quantities considerably 
smaller than those generally employed in the standard methods for the 
quantitative determination of the distribution of plant-nitrogen. 





















The estimation of total nitrogen. 


An obvious objection to the use of Kjeldahl’s technique for the deter- 
mination of the total nitrogen content of cyanophoric plants is that incineration 
with sulphuric acid may cause loss of hydrogen cyanide. In order to test this 
point, determinations of total nitrogen were carried out on amygdalin. 
A sample of Merck’s amygdalin was recrystallised twice by dissolving in 
glass-distilled hot water, boiling the solution with charcoal to remove coloured 
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impurities and immediately filtering the resulting mixture. The amygdalin 
readily crystallised from the filtrate on cooling, and was air-dried. The 
compound has the formula C,,H,,0,,N, 3H,0. 

Estimation of the total nitrogen of this substance by the method of 
Kjeldahl gave consistent results within 0-5 % of the theoretical value, if the 
solutions were incinerated with twice their volume of sulphuric acid. In 
subsequent determinations of the total nitrogen of the leaves, 10 cc. of con- 
centrated sulphuric acid and a suitable incineration mixture being added to 
1-5-2 g. of fresh leaf, no hydrogen cyanide could be detected among the dis- 
tillation products. It may therefore be assumed that, under these conditions, 
prussic acid is rapidly decomposed to ammonia. 

It is well known that the values obtained by use of Kjeldahl’s method do 
not include the nitrogen present in the form of nitrates, and various modifi- 
cations have been adopted whereby some reducing agent is added to transform 
nitrates into ammonium salts. A modification commonly used is known as 
the Kjeldahl-Gunning process [Moore, 1920], in which incineration is carried 
out with salicylsulphonic acid, in order that the interaction of inorganic 
nitrates and salicylic acid may form nitro-compounds, which are reduced by 
the subsequent addition of sodium thiosulphate. This procedure was found by 
the present writer to give good results for artificial mixtures of amygdalin 
and potassium nitrate. 

The work of Bordas [1923] and of Margosches and Scheinost [1925] has 
shown, however, that such a method is unreliable in the presence of tannin. 
The leaf of P. laurocerasus is known to have a high tannin content, and 
experiments carried out on mixtures of amygdalin, potassium nitrate and 
tannic acid yielded inconsistent results, thus supporting the conclusions of 
the above authors. The use of the Kjeldahl-Gunning technique was therefore 
discontinued, and it was decided to carry out determinations of total nitrogen 
exclusive of nitrate-nitrogen by the ordinary Kjeldahl method, and to obtain 
information as to the nitrate from determinations carried out on the non- 
protein-nitrogen fraction. As recorded below, the concentration of nitric 
nitrogen in P. laurocerasus in all the stages examined was found to be ex- 
ceedingly low. 

The procedure adopted was as follows. The leaves were carefully wiped 
with absorbent cotton wool to remove dust and traces of moisture, a sample 
of about 2 g. was weighed as rapidly as possible, then incinerated in a Kjeldahl 
flask with 10 cc. of sulphuric acid and 2 g. of the incineration mixture described 
below. The resulting mixture was heated for 2 hours after complete clearing. 
The digest was then diluted with 10 cc. water and 15 cc. 97 % alcohol and 
distilled after addition of 40 °/ sodium hydroxide, to which 5 cc. 25 °/ sodium 
sulphide had been added to decompose mercury-ammonium compounds; 
5ec. 2.N copper sulphate were added when the mixture started to boil. 
Distillation was carried out in a slightly modified form of the apparatus 


described by Cole [1928]. 
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The incineration mixture was prepared by grinding together potassium 
sulphate, copper sulphate and mercuric sulphate in the proportions of 10 g. 
potassium salt to 1g. copper salt and 0-75 g. mercury salt. The writer is 
indebted to Dr Lindestrom-Lang for details of the above technique. The use 
of the incineration mixture enabled digestions to be carried out in 5 hours, 
whereas previous experiments had taken more than a day. The practice of 
using metallic mercury in incinerations is open to many objections, chiefly 
on account of the uncertainty of the blank determinations; with the above 
technique, consistent blanks have been obtained throughout the course of the 
work. It has not been found possible to substitute sodium thiosulphate for 
sodium sulphide and copper sulphate, added after alkalisation in the distilling 
process. 





Fig. 1. 


THE NITROGEN DISTRIBUTION IN THE LEAF, 


The usual methods for the separation of soluble and insoluble nitrogen 
compounds from leaves not being applicable to P. lawrocerasus because of the 
liberation and volatilisation of hydrogen cyanide which ensues on maceration 
of the tissue, the following procedure was adopted. 

The leaves were cleaned as described above, a sample was removed for 
the total nitrogen determination, and the remaining portion was rapidly 
weighed. The pieces of leaf were quickly cut into thin strips with a safety 
razor blade and placed in a wide-mouthed conical flask of 450 cc. capacity 
(A in Fig. 1) which contained about 150 cc. cold glass-distilled water’, and 
the apparatus as indicated in the diagram was rapidly assembled. Aeration 
was immediately started, a strong current of air being drawn through the 
apparatus. The water and leaf fragments in A were brought to boiling-point 
by direct heating, and the distillation products were received in flask B, of 


1 The subsequent estimations of ammonia-, amide- and nitrate-nitrogen are on such a small 
scale, that it is obligatory to use glass-distilled ammonia-free water throughout the manipulations, 
and to work in a room where ammonia is not used. 
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250 cc. capacity, which contained 25-30 cc. of 5% sodium hydroxide. The 
test-tube C, also containing 5 % sodium hydroxide, acted as a guard tube. 
The flask B was surrounded by ice, to inhibit the decomposition by hot alkali 
of the cyanide obtained in the distillate. The air condenser D prevented an 
excessive volume of water from distilling over. The outlet tube of the flask A 
was bent round in the form of a hook, this being found to be necessary as the 
strong aeration tended to entrain traces of liquid. The wash-bottle contained 
N sulphuric acid, to remove traces of ammonia from the air. 

Boiling of the mixture in the flask A was continued for about 20 minutes, 
provided that this period was allowed by the volume of water present, the 
source of heat was then removed and aeration was continued for 3 hours. At 
the end of this period the contents of C were added to B, and after washing 
down the inlet tubes the contents of B were titrated with 0-01 N silver 
nitrate solution, a crystal of potassium iodide being added to ensure a definite 
end-point. The amount of cyanide liberated before destruction of the gluco- 
sidase by boiling was thus determined. 

Three hours’ aeration were found to be necessary to remove all traces of 
cyanide from the leaf extract; furthermore, the aeration must be powerful 
in order to remove benzaldehyde from the distillate, otherwise this substance 
reacts with silver nitrate used in the titration. 

It has been found in general that adult leaves from a well-grown bush 
generally yield about half of their cyanide in this preliminary treatment. In 
the case of very young leaves and seedlings, or small mature leaves from young 
bushes, the whole of the cyanide contained may be liberated in this process?. 

The contents of the flask A were then gradually transferred to a mortar, 
the leaf fragments were finely cut up with scissors, and then ground into a 
fine, even pulp. A mechanical pestle and mortar proved to be unsuitable. 
The pounded tissue and accompanying extract were then transferred to a 
pyrex beaker of 500 cc. capacity, and again boiled, to obtain as complete a 
coagulation of albumins and globulins as is possible. The resulting mixture 
- was filtered under pressure through a weighed 50 cc. Jena-glass crucible with 
a ground-glass filter-plate (2G. 3/5-7). After thorough washing of the residue 
with hot water, the crucible was placed in an oven at 103° and dried to a 


constant weight. 


The total insoluble nitrogen. 


The total insoluble nitrogen, which is generally regarded as being the 
protein-nitrogen, was determined by estimations of aliquot portions of the 
residue by Kjeldahl’s method. After the final weight of the crucible had been 


1 When the total cyanide-nitrogen only was to be estimated on a given sample of leaves, the 
material was placed in the conical flask A, the mixture was boiled for about 20 minutes after 
assembling the apparatus, then, after cooling, 10 cc. of 0-25 % emulsin were introduced by means 
of a pipette through the inlet tube of A. Aeration was then continued for 3 hours, the flask A 


being placed in a water-bath at 40°. 
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ascertained, the residue was ground to a uniform powder. It was then replaced 
in the oven to drive off moisture acquired during the process of grinding, 
cooled in a desiccator, and transferred to a weighing bottle. Amounts of 
about 0-5 g. were weighed into Kjeldahl flasks, and the nitrogen was estimated 
as described for total nitrogen. 


The non-coagulable nitrogen. 

The filtrate obtained as described above was transferred to a 200 ce. 
Claisen flask and concentrated in vacuo at 35°. The contents of the flask were 
then washed into a graduated flask and made up to 75cc., the resulting 
solution being used for analyses of the soluble nitrogenous constituents. It 
was generally very viscous, apparently on account of the high tannin content, 
and the accurate measurement of small aliquots entailed the use of finely 
tipped pipettes. 

The total non-coagulable nitrogen. 

This value was obtained by the addition of the amount of nitrogen estimated 
as hydrogen cyanide in the preliminary aeration to that determined by 
Kjeldahl’s procedure. As stated above, the nitric nitrogen was not estimated 
by the ordinary Kjeldahl technique, and the Kjeldahl-Gunning modification 
was unsatisfactory. The present worker has furthermore been unable to obtain 
consistent results in small scale experiments by the use of the method sug- 
gested by Bordas [1923] and by Gallagher [1923]. The residual soluble nitrogen 
was therefore estimated as described above for total nitrogen, 5 cc. of the 
solution being used for each determination, and the values for cyanide- and 
nitric-nitrogen were added to the figure obtained. 


The residual cyanide-nitrogen. 

The apparatus used for this estimation was a smaller and slightly modified 
form of that used in the preliminary cyanide determination. The conical flask 
and air condenser were substituted by a 100 cc. Kjeldahl flask with a three- 
holed stopper fitted with inlet and outlet tubes and capillary tap funnel. 
A flask of 100 cc. capacity containing 15 cc. of 5 % sodium hydroxide was 
used as a receiver. 5cc. of the plant extract were placed in the Kjeldahl 
flask, a few drops of caprylic alcohol were added, and the apparatus was 
assembled. After aeration had been started, 20 cc. of 0-25 94 emulsin were 
added by means of the funnel. The Kjeldahl flask was immersed in a water- 
bath at 40° and aeration was continued for 3 hours, further amounts of 
caprylic alcohol being added if necessary. If any traces of caprylic alcohol 
remained in the receivers at the close of the experiment, they were removed 
by continuation of the air current after the apparatus had been disconnected. 
The cyanide was titrated with N/200 silver nitrate, a small crystal of potassium 
iodide being added as an indicator. The value of cyanide-nitrogen obtained 
in this way, added to that determined by the preliminary aeration, gave the 


total cyanide-nitrogen. 
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The use of a long-necked flask fitted with a hook-shaped outlet tube was 
found to be necessary on account of the tendency of traces of the extract to 
be carried over by the air current. If even very small traces were thus carried 
over, the soda in the receiver became bright yellow on account of the presence 
of flavone in the plant extract, whereupon the titration with silver nitrate 
became impossible. The necessity of a rapid removal of the products of hydro- 
lysis has been discussed by Alsberg and Black [1916]; moreover a slow aeration 

_must be exceedingly prolonged in order to obtain the maximum amount of 
cyanide. The present writer has been unable to use successfully the colori- 
metric method of estimation proposed by Viehover and Johns [1915]. 

Control experiments which were carried out with amygdalin and emulsin 
gave results indicating a 96 % yield of hydrogen cyanide. 

The methods which have been employed for the determination of cyanide- 
nitrogen are founded on that originally described by Roe [1924], and modified 
by Bishop [1927]. 

The proteose-nitrogen. 

Attempts to precipitate a proteose fraction with saturated zinc sulphate 
solution [Chibnall, 1922] or with sodium sulphate at 33°, and to estimate the 
nitrogen of the resulting precipitate were unsuccessful owing to the high 
tannin content of the plant extract, the precipitates obtained being too sticky 
for manipulation. 

The method finally adopted was that suggested by Wasteneys and Borsook 
[1924]. 5 cc. of the extract were placed in a 20 cc. beaker and 2-5 g. anhydrous 
sodium sulphate were added. The beaker was kept at 33° with occasional 
shaking, until the supernatant fluid was clear. The mixture was filtered into 
a Kjeldahl flask, the beaker being washed out with small successive quantities 
of sodium sulphate solution saturated at 33°. The operations of filtration and 
washing were carried out at a temperature of 37°. It was found important 
to restrict the amount of sodium sulphate solution used for washing as much 
as possible, as an excessive quantity caused bumping in the subsequent 
distillation. The Kjeldahl flask was then immersed in a boiling water-bath, 
and the solution evaporated to dryness. The total nitrogen of the residue 
was determined by Kjeldahl’s method as described above, the value for 
proteose-nitrogen being the difference between the figure thus obtained and 
that for the non-coagulable nitrogen found by the previous Kjeldahl 
estimation. 

It is necessary to state that the partition of protein-nitrogen into coagulable 
and proteose-nitrogen may not give absolute values in the analyses of plants, 
the conditions of coagulation of plant proteins being imperfectly known; 
moreover, it is probable that, when the plant has a high tannin content, the 
proteoses may be partially precipitated with the albumins and globulins, and 
appear in the insoluble nitrogen fraction. 
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The amino-nitrogen. 

For this determination the ordinary Van Slyke technique has been 
followed, the micro-form of the apparatus being used. Estimations of amino- 
nitrogen carried out on the concentrated aqueous plant extract gave ex- 
ceedingly irregular results, probably owing to the high tannin content of the 
solution; tannins were therefore removed by precipitation with colloidal ferric 
hydroxide, or with alkaline lead acetate. In general, precipitations were 
carried out according to the instructions given by Burrell and Phillips [1925], 
namely, to 25 cc. of the plant extract were added 7-5 cc. N sodium hydroxide 
and a slight excess of 25 % lead acetate. The resulting mixture was stirred 
and filtered immediately through a Jena-glass funnel with a glass filter-plate 
(3 G. 4) the residue being washed with boiling water. Excess of lead was then 
precipitated from the filtrate by sulphuric acid, and the acidified mixture was 
left to stand overnight to ensure complete separation of lead sulphate: it was 
then filtered into a 100 cc. Claisen flask and distilled to dryness in vacuo. The 
readily soluble residue was dissolved in water and made up to 15cc., two 
volumes of 3 cc. being used for the amino-nitrogen determination. The readings 
were often very small, but concordant results were obtainable. The remainder 
of the solution was utilised in the determination of nitric nitrogen, to be 
described below. 

Vickery and Vinson [1925] and Hiller and Van Slyke [1922] have criticised 
the use of such precipitants as lead acetate and colloidal ferric hydroxide if the 
filtrate is to be examined for soluble protein-degradation products, as the latter 
may themselves be thrown down with the precipitate. Itis, however, obligatory 
to remove tannin from extracts of P. laurocerasus before use of Van Slyke’s 
technique, and these methods appeared to be justified, as identical results 
were obtained whether the precipitant were lead acetate or colloidal ferric 
hydroxide; moreover, in the case of seedlings of Sorghum vulgare, which do 
not appear to contain tannin, identical values for amino-nitrogen were 
obtained before and after precipitation with lead acetate. 


The ammonia-nitrogen. 

t is well known that the ammonia content of the normal green leaf is 
exceedingly small; a microtechnique for the estimation of ammonia in re- 
latively small quantities of material is therefore essential. 

The first method tested in this work was that due to Nash and Benedict 
[1921] which entails powerful aeration without the application of heat. The 
present writer was, however, unable to obtain more than a 90 % yield of 
ammonia in estimations of standard solutions, although the time of aeration 
advised was quadrupled. 

The method and apparatus described by Stanford [1923] were subsequently 
adopted with the modifications suggested by Watchorn and Holmes [1927]. 
By this method a 96 % yield of ammonia was obtained in control experiments 
carried out on standard solutions. 5 cc. of the extract were used for each 


70—2 


7a) 





1106 M. E. ROBINSON 


estimation, a saturated solution of borax being used to liberate ammonia, 
which was estimated colorimetrically, after nesslerisation, in a Bausch and 
Lomb colorimeter. 


The amide-nitrogen. 


The usual method of estimation of amide-nitrogen is that described by 
Sachsse [1873], whereby the solution under examination is subjected to mild 
hydrolysis with a mineral acid for 2 or 3 hours, and the ammonia thus produced 
is estimated after distillation with magnesia. Concentrations of acid of 
3-10 % have been used by different workers to bring about hydrolysis. 

It is obvious that this procedure cannot be utilised for extracts of a 
cyanogenetic plant, on account of the partial decomposition of cyanide to 
ammonia under such conditions. 

Preliminary studies were carried out on the hydrolysis conditions of 
amygdalin, the strength of the solution used being such as might be found 
in the plant extract. If hydrolysis were carried out with 0-5 N hydrochloric 
acid, volatile products being removed by a current of air and the volume of 
the hydrolysate being kept constant, about half the hydrogen cyanide present 
was recovered, whereas the remainder was converted to ammonia. Hydrolysis 
with dilute sulphuric acid yielded similar results, although it had been anti- 
cipated from the work of Walker and Krieble [1909] that a fairly complete 
decomposition of cyanide to ammonia might have been expected in such 
circumstances, in which case the amount of such ammonia could easily have 
been calculated from cyanide estimations. 

As the total nitrogen of amygdalin estimated by such means, namely, 
that obtained by addition of the value for ammonia-nitrogen and that for 
cyanide-nitrogen, was practically theoretical, it was at first considered that 
if the amount of cyanide produced during hydrolysis were determined, the 
additional ammonia might have been computed from the separate estimations 
of residual hydrogen cyanide-nitrogen. Unfortunately, however, as was 
perhaps to have been expected from the work of Alsberg and Black [1916], 
potassium cyanide or amygdalin added to plant extracts treated in this way 
could never be quantitatively recovered. Hydrolysis with mineral acids was 
therefore abandoned. 

Attempts to dispose of the cyanide present by the addition of emulsin, 
and then to remove completely the nitrogen added with the enzyme by 
means of precipitation with colloidal ferric hydroxide or tannic acid, were 
unsuccessful, additional ammonia always being present after the precipitation. 

Willaman has stated that the hydrolysis of dhurrin with production of 
hydrogen cyanide could not be brought about by 5 %, tartaric acid, though his 
experiments did not preclude a decomposition by such hydrolysis with pro- 
duction of ammonia. The hydrolysis of amygdalin, asparagine, and mixtures 
of these substances by tartaric acid was therefore studied. The concen- 
trations of amygdalin and asparagine were such as might occur in the plant 
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extract, the asparagine value being taken from Chibnall’s data [1922]. It was 
found that whereas 5 % tartaric acid did not bring about complete hydrolysis 
of the amide group, this was practically complete in 5 hours if normal acid 
were used, whereas only negligible traces of ammonia were liberated from 
amygdalin by this treatment. Hydrolysis of the leaf extracts was then carried 
out with normal tartaric acid, control experiments with aliquot amounts of 
extract to which a known amount of asparagine had been added being 
estimated concurrently. In these circumstances the hydrolysis of asparagine 
was apparently incomplete, possibly on account of the presence of buffering 
substances in the extract, but quantitative recovery of amide-nitrogen was 
obtained if the strength of the acid used was increased by one half. 

The following procedure was therefore adopted. 4 cc. of the leaf extract 
were hydrolysed for 5 hours with 4 ec. 3 N tartaric acid, the mixture was then 
cooled and filtered into a graduated 25 cc. flask, filtration being necessary to 
remove phlobaphens which were precipitated during the hydrolysis; the filtrate 
was then brought to about py 7 by the addition of a previously determined 
volume of sodium hydroxide and the volume made up to 25 cc. 10 cc. of the 
resulting solution were then transferred to Stanford’s apparatus, and the 
ammonia present was determined colorimetrically after distillation with 5 cc. 
of saturated borax solution. This amount of ammonia, after subtraction of 
the quantity estimated before hydrolysis, gave the value for amide-nitrogen. 


The nitrate-nitrogen. 


Preliminary efforts to obtain this value were carried out according to the 
colorimetric technique suggested by Burrell and Phillips [1925], who have 
pointed out that nitrate determinations by the usual means of reduction to 
ammonia should not be carried out in the presence of amides. Colourless 
extracts of P. laurocerasus were, however, rarely obtained; a colorimetric 
method was, therefore, not feasible. Dr Burrell, in a personal communication, 
stated that he had encountered similar difficulties in experiments with ever- 
green plants, and was good enough to make valuable suggestions as to possible 
alternative methods. Attempts were then made to utilise the well-known 
method of reduction of nitrate to ammonia by means of Devarda alloy in the 
presence of alkali. The experience of the present worker confirmed the state- 
ment of Burrell and Phillips, namely, that the comparison method of Strowd 
[1920] was unsatisfactory even if amide- and ammonia-nitrogen had previously 
been removed. It has been found, however, that if a complete alkaline 
hydrolysis is carried out before addition of the alloy, concordant results are 
obtainable, and added nitrate can be quantitatively recovered. 

The procedure adopted was as follows. 4 cc. of the solution prepared for 
the analysis of amino-nitrogen were put into a round-bottomed resistance 
flask of 50 cc. capacity, and an equal volume of 40 °% sodium hydroxide was 
added. The flasks were then plugged and autoclaved for 1-5 hours at 15 lbs. 
pressure, then filtered into the Stanford apparatus, any residual ammonia 
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being distilled off. A second distillation generally yielded a perfectly ammonia- 
free distillate. The volume of the mixture in the distilling-flask was then made 
up to about 10 cc. and 40 mg. of powdered Devarda alloy were added. Slow 
aeration was then carried out for about 14-16 hours (overnight), the air 
having previously passed through a wash-bottle containing sulphuric acid; 
the mixture was then distilled and the ammonia in the distillate was estimated 
colorimetrically. After treatment with Devarda alloy, extracts of P. lauro- 
cerasus showed a great tendency to foam; caprylic alcohol was therefore 
added, and removed by evaporation from the distillate before nesslerisation, 
or else the distillation was carried out with very cautious heating. This 
difficulty was not encountered in experiments with Sorghum vulgare or 
Sambucus nigra. 


EXPERIMENTS ON PRUNUS LAUROCERASUS VAR. ROTUNDIFOLIA. 

The experimental values recorded below are intended in no wise to present 
a basis for a theory of the course of nitrogen metabolism of a cyanophoric 
plant. In most of the experiments performed the chief aim was to study the 
method rather than to gain physiological information; nevertheless, the 
available data on the nitrogen content of plants are so scanty that the results 
are not entirely without interest. 

Table I. 





Weight Total N 
Leaves under of leaf as % of 
one year old g. fresh weight 
Dec. 9th, 1925 Five leaves from the same stem. Ist leaf 1-998 0-6223 
South side of tree. Leaves 2nd ,, 1-644 0-6619 
numbered from apical leaf om 1-8810 0-6352 
4th ,, 1-736 0-5935 
5th ,, 1-467 0-6204 
Dec. 15th, 1925 Leaves from same stem. North Ist ,, 1-146 0-7954 
side of tree 2nd ,, 1-479 0-5914 
ord, 0-7848 0-5722 
4th ,, 1-050 0-5559 
6th ,, 0-9075 0-5398 
Dec. 16th, 1925 Leaves from same stem. South Ist ,, 1-411 0-6891 
side of tree 2nd ,, 2-175 0-6616 
ord, 2-134 0-6579 
5th ,, 1-975 0-6106 
July 4th, 1926 Leaves from same stem. South iG ss 1-146 0-4899 
side of tree 2nd ,, 1-703 0-5090 
4th ,, 1-161 0-4863 
5th ,, 1-1125 0-4670 
May 4th, 1927 Leaves from same stem. South 2nd ,, 1-675 0-6160 
side of tree. Tree in flower 4th ,, 1-749 0-5804 
5th ,, 2-142 0-5600 
May 18th, 1927 Leaves from two neighbouring 7 leaves 2-223 (av.) 0-8899 


stems a ee 1-1639 (av.) 0-8970 


Weight Total N Weight Total N 
of leaf as % of of leaf as % of 
g. fresh weight g. fresh weight 
Nov. 7th, 1927 Half leaves (i) 0-758 0-5838 (ii) 0-686 0-5685 
(i) 0-512 0-5808 *(ii) 0-529 0-5689 
(i) 0-738 0-5817 *(ii) 0-775 0-5754 


* The second half was kept at — 10° for 5 hours after halving before incineration. 
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Estimations of the total nitrogen of individual leaves. 





The values given in Table Ishow that appreciable differences in total nitrogen 
content exist between individual neighbouring leaves, so that in comparative 
experiments, made on small quantities of material, precautions must be taken 
to eliminate a sampling error. The difference in total nitrogen between halves 
of the same leaf is not so considerable. 

The highest value obtained in total nitrogen was that recorded for Exp. xi 
(Table Il) for young first year leaves of an average weight of 0-1308 g., namely 
1-306 °% of the fresh weight. The value for second year leaves (cf. Table II, 
Exp. x b) was below 0-5 % and that of the third year leaves about 0-35 % of 
the fresh weight. 












The cyanide content. 


In Prunus laurocerasus the cyanide content undergoes conspicuous seasonal 
variations. The highest value was obtained from an experiment on young 
leaves of P. laurocerasus var. longifolia, of an average weight of 0-359 g., which 
contained 0-2312 % of the fresh weight and 62-3 % of their non-coagulable 
nitrogen in the form of cyanide. It is not known whether the cyanide content 
of this variety is invariably higher than that of var. rotundifolia, where leaves 
of an average weight of 0-1308 g. (cf. Table II, Exp. xi) contained 0-1979 % 
of cyanide-N, and those of an average weight of 0-3815 g. 0-123 % of cyanide-N 
(Table IT, Exp. ii). This value decreased slowly during the growth of the leaves, 
until about 0-065 °% of the fresh weight and about 40 % of the non-coagulable 
nitrogen was present as cyanide-nitrogen. During the winter months an 
increase was again noted, about 0-08 % of the fresh weight and 50 % of the 
total soluble nitrogen consisting of cyanide-nitrogen. 

The second year leaves, examined in the summer, contained about 0-0454 % 
of the fresh weight and 30 % of the total soluble nitrogen as cyanide-nitrogen, 
third year leaves about 0-03 % of the fresh weight. No experiments were 
carried out on leaves just about to fall, but it may be assumed, from the work 
of Godwin and Bishop [1927] that in such cases the amount of cyanide present 
will be very small. 

The most striking change is obtained in leaves which have been exposed 
to frost, when the cyanide content may increase by about 70 % of its former 
value in the course of one night. This fact has been previously noted, in the 
case of Sorghum vulgare, by Willaman [1917] who observed the same effect 
after artificial refrigeration of gathered leaves. The present writer has been 
unable to obtain an increase of cyanide in leaves or half leaves of P. lauro- 
cerasus which were placed in a cold chamber at — 10°, but it is possible that 
such freezing was too rapid to be comparable with a moderate night frost. 
In support of this supposition, two samples of leaves from different trees, 
examined in February 1929, after a sudden spell of extreme cold, gave a value 
of 0-07 % of fresh weight as cyanide-nitrogen, instead of 0-12-0-13 %, the 
amounts previously obtained earlier in the winter after mild frosts. 
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vS young leaves, length 2-8—3-9 cm. 
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In “starvation” experiments, for which comparative samples of leaves 
were kept for some days in the laboratory in semi-darkness, with their petioles 
in water, before analysis, the cyanide content was generally, but not invariably, 
considerably reduced, and could not be restored to the original level by 


exposure to temperatures below zero. 

The figures in Table III illustrate the comparative values for cyanide- 
nitrogen obtained firstly, when the determination is carried out directly in the 
presence of emulsin (see footnote, p. 1102) and secondly, when it involves two 
processes, as described above, in the technique for nitrogen distribution. 


Table IIT. Cyanide-N 
estimated Cyanide-N 
Weight of directly estimated 
Date leaves as % of by two 
1926 Details of leaves g. fresh weight processes 
Feb. 17th 2nd and 5th leaves from two separate 0-09266 —_ 
stems on north side of tree 
Six leaves from the same two stems “li —_ 0-1018 
Feb. 23rd Three leaves. South side of tree from 5: 0-07424 — 
three separate stems 
Eight leaves from same three stems 5-57£ — 0-07421 
March 15th _‘ Tree in flower, samples from eleven leaves 3: 0-0802 
Residual part of leaves — 0-0790 
July 17th Samples from thirteen leaves 3° 0-074 — 
Residual parts of leaves 0-0706 
August 24th Tree in fruit, samples from twelve leaves 13-339 0-0644 3 
Residual parts of leaves 11-612 — 0-0659 


The nitrogen distribution in first-year leaves. 

In Table II values given are typical of those which have been obtained 
throughout the course of the work. It will be noted that in starvation 
experiments the increases of amino-, ammonia- and amide-nitrogen show 
irregularities, similar to that of the decrease in cyanide. Dr Godwin has 
suggested that the practice of keeping the leaves under bell-jars in the labora- 
tory or the cold chamber with their petioles in water may not provide a 
sufficient control of the water content, variations in which might cause these 
anomalies. 

EXPERIMENTS ON SORGHUM VULGARE. 

A small number of experiments, using the methods described above, have 
been carried out on S. vulgare. The fluctuations in the cyanide content of this 
plant were first investigated by Dunstan and Henry [1902], who isolated and 
analysed the cyanogenetic glucoside, dhurrin, which is probably characteristic 
of the Graminaceae. The above authors found that there was no cyanophoric 
substance in the seed, whereas two samples of bright green plants, 12 in. high, 
contained 0-1044 % and 0-1093 % of their dry weight as cyanide-nitrogen. 
Yellowish-green ripe plants, about 3 ft. high, yielded, on the other hand, only 
small traces of hydrogen cyanide. 

The following values for cyanide-nitrogen were obtained from the shoots 
of plants grown in soil in a temperate pit in the Cambridge Botanic Gardens, 
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the seeds having been kindly supplied by the Director of the Royal Botanic 
Gardens, Kew. 


Sorghum cernuum. Sown Feb. 6th. Gathered Feb. 26th. Length of shoot 6 in. Cyanide-N in 


terms of fresh wt. 0-0247 %. 
S. cernuum. Sown Feb. 6th. Gathered March 20th. Length of shoot 10 in. Cyanide-N in 


terms of fresh wt. 0-00705 %. 

S. caffrorum var. Roma. Sown Feb. 6th. Gathered March 27th. Length of shoot 10 in. 
Cyanide-N in terms of fresh wt. 0-00755 %. 

S. caffrorum var. Roma. Sown Feb. 6th. Gathered April 22nd. Length of shoot 16 in. 
Cyanide-N in terms of fresh wt. 0-00497 %. 

S. caffrorum var. Tegalegenung. Sown Feb. 6th. Gathered March 27th. Length of shoot 9 in. 
Cyanide-N in terms of fresh wt. 0-00774 %. 

S. caffrorum var. Tegalegenung. Sown Feb. 6th. Gathered April 22nd. Length of shoot 16 in. 
Cyanide-N in terms of fresh wt. 0-00656 %. 


For the experiments recorded in Table IV on the nitrogen distribution, 
seeds of S. vulgare, obtained from Messrs Sutton, were germinated between 
large porcelain plates, lined with moist filter-paper, then planted out on 
cotton netting which had been tightly stretched over porcelain rings of about 
8 in. diameter, the rings being placed over appropriately sized earthenware 
vessels, filled with tap water or a nutrient medium. By this means, the water 
or nutrient medium could be changed daily, without disturbing the seedlings. 
After planting out, the seedlings were kept in a greenhouse. 


Table IV. 
Total N 


Length Length for 7 Pro- 

No.of of of seed- sol. Sol. Cyanide- YH,- Amide- teose- Amino- Nitric- 
seed- shoot rootlet lings N N } N N N N 
lings cm. em. % s % x % %, % b 
115 3-5 9-11 0-374 252 0-1302 0-00654 0-00516 0-0104 0-0858 0-0183 _ 

0-393 

llav. 17av. 0-373 0-2080 0-1422 0-00344 0-0064 0-0086 Trace 0-01505 0-0292 

0-3707 

0-3771 - - — : 

llav. 17 av. 0-2018 0-1521 0-00337 0-0067 0-0084 Trace 0-0166  0-0400 

13-15 22-23 0-3761 0-2365 0-134 0-00339 0-00317 0-0057 0-0228 0-00922 0-00643 

0-3684 

13-15 22-23 — 0-2301 0-1266 0-00274 0-0032 0-0065 0-0273 0-00907 

















One additional complication was encountered in the experiments on 
S. vulgare, namely, after the filtered water extract of the non-coagulable 
nitrogen fraction was concentrated in vacuo, an insoluble, nitrogen-containing 
residue was formed, part of which adhered to the walls of the Claisen flask. 
Such of this insoluble matter as was suspended in the water-soluble fraction 
was therefore removed by centrifuging, the supernatant fluid and washings 
were made up to 75 cc. and the residue returned to the Claisen flask and there 
incinerated, its nitrogen content being estimated by Kjeldahl’s method, and 
the value obtained added to the figure for insoluble nitrogen. 

The first batch of seedlings examined had been grown for 7 days on tap 
water; the second batch had been grown for 6 days on tap water and for 
5 subsequent days on a medium containing 20mg. KH,PO, and 10 mg. 
MgSO, per litre of tap water, the latter, which contained a considerable 
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quantity of calcium salts, being adjusted to a py of 5 with nitric acid. The 






























nic 
third batch had been grown for 6 days on tap water and then for 11 days on 

N in the above medium. 

cae These figures do not necessarily give a correct picture of events of the 
normal nitrogen metabolism of Sorghum, as the given conditions of growth 

? may not have been wholly suitable for the plants, although the latter appeared 

in, to be healthy and normal. 

in, The technique described above has been applied furthermore to leaflets of 

f Sambucus nigra. This plant would seem to be an ideal subject for the study 

“7 of cyanogenesis, as the glucoside sambunigrin is apparently unaccompanied 

i by a hydrolytic cyanide-liberating enzyme. The low concentration of cyanide 

aa present in young leaves (0-0042 % of the fresh weight in early spring), however, 

ei involves the use of larger quantities of material in order that a reasonable 

“ figure may be obtained in the determination of cyanide-nitrogen on aliquot 

aa portions of the plant extract. 

er SUMMARY. 

8. Methods have been described for the estimation of certain of the nitro- 
genous constituents of cyanophoric plants, namely, total, insoluble, non- 
coagulable, proteose-, cyanide-, ammonia-, amide- and nitrate-nitrogen, and 
examples of their application to leaves of Prunus laurocerasus and seedlings 
of Sorghum vulgare have been given. These methods are applicable to small 

ms quantities (10-20 g.) of material. 
a 
* My thanks are due to Sir F. G. Hopkins, F.R.S., to the Hon. Mrs Onslow 
= and to Dr F. F. Blackman, F.R.S., for the assistance and advice they have 

0-0292 given me. 
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CX1IX. HYPERVITAMINOSIS AND VITAMIN 
BALANCE. 


IV. AN INSTANCE OF VITAMIN BALANCE. 


By LESLIE JULIUS HARRIS anp THOMAS MOORE. 
From the Nutritional Laboratory, Cambridge. 


(Report to the Medical Research Council.) 
(Received August 31st, 1929.) 


THE object of this paper is to record a continuation of experiments in which 
the existence is demonstrated of a “balance” between the vitamin B complex 
on the one hand and vitamins A and D of cod-liver oil on the other. Only 
two previous communications bearing directly on this subject have appeared 
in the literature, so far as we are aware. In the first place, Hopkins [1923] 
mentioned that he had found that a moderate excess of cod-liver oil was 
often injurious to the rat unless “balanced” by an increased marmite 
(vitamin B) allowancet. Secondly, Harris and Moore [1928] have published 
details of investigations in which it was shown that the substitution of cod-liver 
oil for arachis oil in rations containing various restricted allowances of 
vitamin B resulted in a further lowering of growth rates?. 

In these experiments comparatively large quantities of cod-liver oil (15 % 
of the diet) were administered, and, since there are many substances in cod- 
liver oil of whose chemical nature and properties little is known, there was no 
necessity to assume that the ill-effects observed were necessarily due to 
vitamins. (Our conclusions here were contrasted with those concerning the 
specific hypervitaminosis D resulting from excessive irradiated ergosterol.) 
It was therefore of interest to repeat our experiments using vitamin con- 
centrates instead of cod-liver oil so as to eliminate at least the materials 
present in the saponifiable fraction of the oil. 


EXPERIMENTAL. 


Carefully matched sets of young rats from split litters have been used for 
this work which has been repeated in duplicate using both albinos and piebalds. 
Similar synthetic basal diets were fed to all sets, viz. purified “‘casein”’ (J. Nathan 

1 We are permitted by Sir F. G. Hopkins to make it clear that his work was in fact concerned 
with high cod-liver oil diets as here indicated, and not with low cod-liver oil diets as the printed 
report of the Cameron lecture would make it appear. 

* Apart.from the question of vitamin balance, injurious effects produced by cod-liver oil 
have also been described by a considerable number of workers: a bibliography is given in our 


earlier paper. 
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and Co.) 20 %, arachis oil 15 %, rice starch (British Drug Houses) 60 %, 
salt mixture 5 %, but the sets differed in receiving various graded allowances 
of vitamin B (e.g. in Fig. 1,1 %,2%,4%,8 %, 16 %, 32 % of our standard 
marmite extract [Harris and Moore, 1928]). Each of these sets was further 
divided into several sub-groups, and to each of these a different level of 
concentrate was administered (viz. in Figs. 1 and 2, 2 mg., 10 mg., 50 mg. 
and 250 mg. of concentrate per 10g. of basal diet, the concentrate being 
dissolved in the arachis oil as a constituent of the diet). It was thus possible 
to compare the effects upon the animals of variations either (1) in the marmite 
allowance at each level of concentrate, or (2) in the concentrate allowance at 
each level of marmite. 

Results. The results obtained have been distinguished by a remarkable 
regularity in the retarding action of the vitamins A and D concentrate upon 
growth rates. This action has been found, in fact, to be no less regular than 
the inverse accelerating action of marmite, and in no case (except at totally 
inadequate levels of marmite) has any growth curve fallen out of its predicted 
position. 

1-2 % Marmite. At these low levels of vitamin B, known to be insufficient 
for maintenance even in diets containing normal amounts of vitamins A and D, 
moderate excess of concentrate (0-1 %) did not appreciably alter the rate of 
decline (Fig. 1)?. 

3-2-4 % Marmite (Figs. 1 and 3). At levels of vitamin B representing 
border-line concentrations in normal diets even moderate excess of con- 
centrate could become the deciding factor in the fate of the animals. Thus in 
Exp. 3, Fig. 3 (3-2 % marmite) the addition of 0-1 % of concentrate to the 
diet induced early failure in growth, decline in weight, and eventually a 
dying condition. While the rats receiving concentrate became hunch-backed, 
rough coated and partially paralysed, the control rats on the same level of 
marmite, but without concentrate, remained smooth coated and active, 
although growth at the time had become almost stationary at a higher level. 
By the administration of vitamin B (wheat-germ extract, later replaced by 
marmite) to two of the rats receiving concentrate, death was averted and 
rapid growth immediately restored. Similarly in Exp. 2, Fig. 2, two animals 
receiving the very high level of 2-5 % of concentrate declined and died,whereas 


1 Two samples of cod-liver oil concentrate were used, kindly supplied by Lever Bros. and by 
J. Nathan and Co. The first sample was found by biological test to be effective as a source of 
vitamin A at the low dosage of 0-01 mg. per rat daily. From colorimetric data it is to be expected 
that the second sample was even richer by about 50 % in vitamin A. The first sample was reputed 
to be effective as a source of vitamin D at dosages of about 0-3 mg. daily. Data as to the vitamin D 
content of the second sample are unfortunately not available, but it is to be suspected that the 
ratio between vitamin A and vitamin D contents must have been of a similar order. 

2 It must not be assumed, however, that the concentrate, if administered at higher levels, 
might not have accelerated the decline. Larger amounts were not given in these experiments, 
but it may be recalled that in earlier work [Harris and Moore, 1928] we observed a greatly ac- 
celerated decline when large excess of concentrate was added to diets totally deficient in vitamin B. 
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a contro! animal receiving only 0-02 % of concentrate remained well and 
grew rapidly. At 0-5 % of concentrate (Exp. 1, Fig. 1) death occurred in the 
case of only one animal, and at the 0-1 % level there was only a graded 
retardation in growth rate (Exp. 1, Fig. 1). 
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Fig. 1. Increasing doses of concentrate are represented by an increasingly solid line for the 
growth curve. 

A given improvement in the growth rate could be effected by means either of a relatively 
small increase in marmite (vitamin B) keeping vitamins A and D constant or, alternatively, 
by a much larger decrease in the excess of concentrate (containing vitamins A and D) keeping 
the marmite (vitamin B) constant. Piebald rats were used in this experiment. 
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Fig. 2. A confirmatory experiment with piebald rats, but testing a very much higher dose of 
concentrate, and at two extreme levels only of vitamin B feeding. x =died. 


evoee = 0-02 % of concentrate. ame — 2-5 %, of concentrate. 


8 % Marmite. At this level of vitamin B (considered sufficient to permit 
optimal growth on ordinary diets) the addition of concentrate (0-02 %, 0-1 %, 





Females 
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0-5 %) no longer caused death in any instance, but the growth rates of all 
animals were influenced inversely according to the level at which the con- 
centrate was administered. Thus at the higher levels of concentrate this 
amount of marmite was now no longer sufficient for optimal growth. 

16-32 % Marmite. At these levels of vitamin B (considered superfluously 
high for the promotion of growth on normal diets) the addition of excess of 
concentrate (0-02 %, 0-1 %, 0-5 %, 2-5 %) could be tolerated without serious 
retardation in growth rate. Nevertheless two animals receiving maximal doses, 
0-5 % and 2-5 % respectively, died suddenly without preliminary decline. 


Females 
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Fig. 3. An experiment with albino and piebald rats, and at a critical “border-line” allowance 
of marmite. Ata high level of vitamin B—right-hand side—moderate dosage with concentrate 
(vitamins A and D) was apparently harmless; but at the low level of marmite just adequate 
for maintenance but not growth—left-hand side—the same dosage of concentrate led on the 
contrary to death with symptoms parallel with those seen in ordinary avitaminosis B. 

x =animal died. *=animal dying, and killed or put on curative (increased vitamin B) diet 
(see Fig. 4). 
eseseeeeee = Low A and D (1 drop cod-liver oil per day =0-001 % concentrate). 
= High A and D (0-1 % concentrate). 


Thus we have a picture of a gradually increased toleration for the con- 
centrate with each increased marmite allowance. While 0-1 % of concentrate 
caused inevitable decline at 3-2 % level of marmite, 0-5 % and even 2-5 % 
(in one case) could be tolerated without apparent ill-effects at 32 % level of 


marmite. 
All the effects so far observed in animals dying through the addition of 
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excess of vitamins A and D to diets on the border-line with respect to vitamin B 
have been consistent with simple vitamin B, deficiency. Loss of weight, 
failing appetite, marasmus, and sometimes, eventually, difficulty in use of 
limbs, and paralysis were the main symptoms. (The picture recalls also that 
described by Takahashi et al. [1925] for biosterin poisoning.) At autopsy there 
was a picture of inanition, with no macroscopic lesions or abnormalities in 
the organs apart from a certain diminution in the size of the spleen and 
thymus which is normally seen in animals which have been depleted of the 
vitamin B complex. 

The high amount of vitamin D in the concentrate was presumably still 
insufficiently excessive to cause hypervitaminosis D, of which no gross 
evidence was observed: histological work is still in progress by our colleague, 
Mr J. R. M. Innes. 





-—— 












Duplicate Experiment 


Growth -curves. The thickness of the black and white lines respectively represents proportional 
amounts of fat-soluble vitamins and of vitamin B present in the diets so that it is possible 
to see which diets are overloaded by a relative excess of the former. 

eueee: = cod-liver oil concentrate, 0-1 % of diet. 

——=cod-liver oil, 1 drop per animal per day. 

—— = marmite, 12-8 % of diet; or 0-2 ec. wheat-germ extract, or 0-75 cc. marmite 
per animal per day. 

—— = marnite, 3-2 to 4% of diet. 

Fig. 4. Curative experiments (growth curves, compounded from Figs. 2 and 3). The extra 
vitamins A+D which proved fatal when added to a low vitamin B ration (animal No. 1), 
were no longer harmful if balanced by extra vitamin B also (animal No. 2). Similarly animals 
dying on the “unbalanced,” high vitamins A +D—low vitamin B, ration (animal No. 3) 
could be cured by increasing the vitamin B allowance (animal No. 4). Alternatively removal 
of excess of vitamins A +D with no increase of vitamin B served to restore the balance. 


At A 0-2 cc. of wheat-germ extract was given per day. 
At B 0-75 cc. of marmite extract was substituted. 
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Such large doses of concentrate as we have used in this work may be 
presumed to have had an adverse effect on reproductive processes, as 
occurred when cod-liver oil was administered at the same or lower vitamin 
levels [Harris and Moore, 1928], but this question is still under investigation. 


Discussion. 


Two different interpretations of the results described might be advanced. 
The first would be that the high doses of concentrate used are in any case 
poisonous and that the ill-effects merely become more obvious when the 
animal is in addition suffering from a partial vitamin B starvation. This 
interpretation is naturally difficult to disprove, but the very wide variations 
seen in the degree of toxicity of the concentrate at different levels of marmite 
afford some evidence to the contrary. It is easy to conceive that differences 
in the animal’s condition might account for varying resistance to the toxic 
action of concentrate when the amount given was approaching the minimal 
lethal dose, but if we assume from Exp. 2 that this was about 9 mg. per day, 
it is difficult to understand how doses as great as 50 mg. and even 250 mg. 
(in one case) were tolerated in other experiments. Moreover allowances of 
marmite well above that normally necessary for optimal growth have been 
shown still to produce marked improvement in the growth rates of rats 
receiving large excess of concentrate. Such action is difficult to reconcile 
with the view that the beneficial action of the marmite is exerted only by its 
general influence on the condition of the animal, since in that case the addition 
of marmite above the sufficient amount would be superfluous. It will be 
recalled, however, that the amount of the vitamin B complex necessary to 
maintain the rat in growth and apparently in perfect health under ordinary 
conditions will not suffice for the added strain of lactation, as has been shown 
by Hartwell and others, or for growth on diets rich in protein [Hassan and 
Drummond, 1927]. Whether or not we assume a definite antagonism between 
concentrate and the vitamin B complex it would appear that the disposal of 
excess of concentrate raises a similar demand for increased supplies of 
vitamin B. 

Is one justified then in regarding these effects, produced by adding large 
amounts of vitamins A and D to a diet low in vitamin B, as an avitaminosis B? 
Judged by the criteria hitherto adopted, the condition which we have observed 
would doubtless have been so described. For we have a condition which 
can be cured or prevented by the addition to the diet of very small amounts 
of the usual sources of vitamin B (or B,), viz. 0-2 cc. of wheat-germ extract, 
or 0-75 cc. of marmite extract—amounts which are no more than the optimal 
protective doses. Next we find the symptoms which supervene, as well as the 
post-mortem findings, to be consistent (at any rate in general outline) with 
those observed in vitamin B (or B,) deficiency in the rat. Finally, at all of 
the levels of concentrate dosages employed in this work ill-effects were rarely 
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to be seen whenever the marmite allowance was increased to a sufficient 
extent. Therefore the concentrate would not appear to be toxic per se but only 
when accompanied by a relatively inadequate vitamin B allowance. 

That the effects which were produced by the vitamin A and D concentrate 
may have been caused by some substances other than either of the two 
vitamins themselves is not inconceivable!. But if so, these substances must 
be present in amounts so small as to bring them in their activity into the 
same category as the vitamins. For the amount of concentrate which served 
to unbalance the “low B” diet, and to make the difference between main- 
tenance or rapid loss of weight and death was of the order of 9 mg. per rat 
per diem. 

At the same time the relatively large increase above the minimal dose in 
the amount of the fat-soluble vitamin preparation which is needed to convert 
the partial vitamin B deficiency into an acute deficiency is noteworthy. Thus 
in the experiment shown in Fig. 3 we were working with a dosage of con- 
centrate equivalent to 1000 times the minimal dose of vitamin A, or 30 times 
the minimal dose of vitamin D, in order to convert a bare maintenance diet 
into an undoubtedly fatal one. Although no attempt to give a strictly mathe- 
matical expression to our results is intended, a scrutiny of the results in Fig. 1 
shows that at the particular vitamin levels there obtaining a fivefold increase, 
at least, in the fat-soluble concentrate was needed to cause the same lowering 
in growth rate as could be obtained by halving the vitamin B allowance. 

While on the evidence at present available it is impossible definitely to 
assign the toxic action of concentrate to either vitamin A or vitamin D, it 
may be pointed out that the latter was administered at levels of only 6 to 
750 times the minimal physiological dose, and we have found that doses up 
to 1000 times the minimal do not give rise to pronounced untoward symptoms 
when administered under similar conditions in the form of irradiated ergosterol. 
Interest may therefore first be centred on vitamin A which in these experiments 
reached the much higher levels of 200 to 25,000 times the minimum dose. 
As further evidence tending to exclude vitamin D, it is found (L. J. H.) that 
the severity of hypervitaminosis D (irradiated ergosterol, 0-05 % of diet) is 
not appreciably lessened when marmite is increased to 5 times, or orange 
juice to 12 times, the normally adequate level. The substitution of con- 
centrated orange juice for all the carbohydrate (or carbohydrate plus fat) in 
a normal synthetic diet, however, gave rise to phenomenally rapid growth 
rates in young rats, viz. up to 5-5 g. per day. 


1 This criticism was indeed raised by Drummond, Channon and Coward [1925] to the original 
claim of Takahashi et al. that “biosterin” possessed toxic properties. The present work suggests 
the possibility that the contradiction between the evidence of Takahashi and his colleagues and 
Drummond, Channon and Coward regarding the toxic action of cod-liver oil concentrates may 
to some degree have been due to variations in vitamin B allowances. 
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SUMMARY. 


1. The need of the rat for marmite (vitamin B complex) is increased 
pro rata when increasing excess of cod-liver oil concentrate (vitamins A 
and D) is administered concurrently. 

2. Thus, in order to produce any given rate of submaximal growth, more 
and more marmite must be given as more and more of the excess of con- 
centrate accompanies it in the diet. 

3. Again, a restricted amount of marmite which is normally adequate 
for prolonged maintenance becomes inadequate to prevent death when 
excessive concentrate is given. Rats dying under these conditions could then 
be cured by administration of additional vitamin B (as wheat-germ extract or 
marmite) without removal of the extra concentrate. : 

4. Hence an amount of concentrate which is harmful when given with a 
moderate marmite allowance is no longer harmful when given with a 
sufficiently augmented marmite allowance. 

5. It is considered most probable that this antagonistic effect is exerted 
between the vitamin B complex of the marmite, etc., and the vitamin A of 
the concentrate, or cod-liver oil; but the possible action of other unidentified 
substances is not excluded. ‘ 
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CXX. THE ALLEGED ANTINEURITIC 
PROPERTIES OF CERTAIN QUINOLINE 
AND GLYOXALINE DERIVATIVES. 


By JOHN MASSON GULLAND anp RUDOLPH ALBERT PETERS. 
From the Dyson Perrins Laboratory and the Department of Biochemistry, Oxford. 


(Received September 10th, 1929.) 


Cuarms have recently appeared in the literature as to the curative properties 
of certain quinoline and glyoxaline derivatives to pigeons suffering from 
polyneuritis. Sahashi [1926, 1927] isolated from oryzanin a substance which 
was identified as 2: 6-dihydroxyquinoline; it was claimed that the hydro- 
chloride of this compound was temporarily curative (in doses of 4-15 mg.) to 
pigeons suffering from polyneuritis produced by rice-feeding. These birds 
subsequently died. Later in an attempt to synthesise a glyoxaline derivative 
of the same empirical formula as that of Jansen and Donath’s [1927] crystalline 
compound, Sahashi [1928] prepared 4 (or 5)-glyoxalinemethylethylcarbinol. 
Injections of about 6 mg. of this substance intramuscularly into the breasts 
of pigeons were temporarily curative, though the birds invariably died in 
7-10 days. These results seemed to be sufficiently striking to warrant con- 
firmation by the methods of testing employed in this laboratory. The substances 
have accordingly been prepared and tested. In this paper are also recorded 
certain isolated tests carried out at various times upon glyoxaline and other 
compounds. None of these compounds possesses the true curative activity 
similar to that given by the torulin concentrates which we have so repeatedly 
used, 


EXPERIMENTAL. 


The pigeon tests. It is not necessary to give in detail all of the protocols 
of tests. They have not been numerous, but according to our experience are 
conclusive: in fact a few birds tested under rigorous conditions are worth 
considerably more than a number not specially controlled. The standard 
conditions laid down in a previous paper [Kinnersley, Peters and Reader, 
1928] have been followed throughout with the following additional improve- 
ment. It has been the custom lately, where special care is required, to give 
a standard dose of a torulin preparation which is curative for about 3 days, 
before giving the substance under test. If after this the test substance is not 
effective, but it is subsequently possible to relieve the symptoms by the use 
of a second dose of the standard preparation, then the negative answer is 
decisive. The technique of such an experiment is to give a dose of glucose in 
water, followed by a dose of a standard preparation in 4 hours if the glucose 
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and water do not cure. After re-appearance of the symptoms in 3-4 days, a 
dose of the test substance is given as soon as possible and before actual head 
retraction occurs. If the test dose does not cure in 6 hours, a further dose 
of some known curative material can be given. It will be seen from the table 
that none of the substances has proved itself to be curative under these 
conditions. 


Table I. Compounds with alleged antineuritic properties. 


4 (or 5)-Glyoxalinemethylethylcarbinol hydrochloride 
Bird 375 12 mg. injected in 1 cc. of fluid. Died 
749 9 mg. injected in 1 cc. of fluid. Died in 6 hours 
775 5 mg. injected in 0-5 cc. fluid. No improvement in 3 hours, after which the injection 
of a standard preparation cured the bird 7 
963 15 mg. given by mouth. In 3 hours no better; 4 mg. injected. No better in 18 hours; 
given an injection of a standard torulin preparation which cured within 3 hours 
2: 6-Dihydroxyquinoline 
Bird 585 March 3lst Symptoms 10.30 a.m. Dose of glucose in water 
12.30 p.m. No better. Injected 5mg. compound, and gave 5 cc. 
water by mouth 
6.15 p.m. better 
April lst Bird better, but not well 
April 2nd Symptoms again 8.0a.m. Injection of 5 mg. of compound, and 5 cc. 
water by mouth 
‘ 12 noon. Very ill 
12.15 p.m. Injected a standard torulin preparation, and the bird was 
left collapsed 
5.20 p.m. Much better 
The bird recovered completely on the torulin preparation and was protected for the usual 4 days. 
Note. In this case sufficient time was not allowed for the action of the glucose and water on 
March 31st, thereby giving a temporary improvement. 
Bird 136 7.15 a.m. Glucose by mouth 
12.30 p.m. Symptoms still present. 12 mg. compound by mouth 
5.0 p.m. Found dead 


How then is it possible to explain the results of the Japanese worker? 
It is clear from the protocols of his papers that he has observed some sort of 
cure in his birds. It is probable that this was one of the varieties of “pseudo- 
cure” which often occur in these tests. The matter has been dealt with at 
some length elsewhere [Kinnersley, Peters and Reader, 1928]. The giving of 
a standard test dose largely eliminates this condition. As an illustration the 
following case is quoted in detail. The experiment represents an attempt to 
give one of these compounds to a case of pseudo-avitaminosis in order to 
imitate the results of the Japanese worker. 


Exp. Pigeon June 28th Polished rice diet 

July 12th Symptoms of opisthotonus. Given 100 mg. glucose (approx.) in 
5 ce. H,O. This relieved the bird, and it was well for 10 days. 
Glucose cure 

July 22nd Mild symptoms of opisthotonus, not completely developed 

5 p.m. The bird had symptoms mildly when handled. 8 mg. 2: 6- 

dihydroxyquinoline injected into the breast muscle in approx. 
2 ec. H,O. This solution was prepared by adding sufficient alkali to 
dissolve the substance and then bringing the reaction back towards 
the neutral point with dilute HCl, to a point at which the substance 
still remained in solution. The py of injected solution however was 
more alkaline than 8-0 
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July 23rd Morning. Bird showed a very slight improvement, but was still in- 
clined to put its head back when handled 

July 24th Bird more normal, but could not perch 

July 25th Practically well 

July 29th (7th day). Died overnight 

If this case is compared with Chart IV (p. 197) of Sahashi’s paper [1926], it 
will be seen to resemble it closely. Sahashi’s case recovered for 10 days after 
the first injection, and then was rather ill for 4 days after a subsequent one. 
At first sight such an experiment might be considered to be convincing 

evidence for the curative properties of the substance. However, during the 
recent hot spell, several birds of this class were observed, all of which tended 
to give such abnormal results. They could be readily detected by giving 
initial standard doses. It is not certain what abnormality they represent, but 
it is quite clear that tests upon such birds give fallacious results. The effect 
of a true standard extract is to cure a bird quite definitely in the course of a 
few hours. A subsequent dose given when symptoms appear again has 
a further definite and rapid action. It is probable that intramuscular injection 
is complicated by the fact that laceration of the tissues produced by the 
injection is apt to liberate vitamin into the blood-stream from the site of 
injury, as it is well known that extracts of tissues of birds with head retraction 


will often induce cures. 


Preparation of chemical substances. 

2 : 6-Dihydroxyquinoline-4-carboxylic acid and 2: 6-dihydroxyquinoline. 
The acid was prepared by the method used by Sahashi [1927], namely de- 
methylation of 6-methoxy-2-hydroxyquinoline-4-carboxylic acid [Halberkann, 
1921]. 2: 6-Dihydroxyquinoline was obtained by subliming small quantities 
of the acid (about 0-25 g.) in a test-tube over a free flame. Both substances had 
the properties recorded by Sahashi, with the exception that the acid did not 
exhibit the indole (pine-shaving) reaction described by that author. 

4 (or 5)-Glyoxalinemethylethylcarbinol was prepared from pure 4 (or 5)- 
glyoxalinemethylethyl ketone (m.P. 80° [Pyman, 1911, 1]}) by the method used 
by Sahashi. The ketone (1-2 g.) dissolved in water (30 cc.) was reduced by 2 % 
sodium amalgam (200 g.) during 5 hours, a stream of carbon dioxide being 
passed into the solution throughout the reaction. Finally the aqueous solution 
was filtered, rendered just acid with hydrochloric acid, and evaporated to 
dryness under diminished pressure on the water-bath. The solid residue was 
mixed with saturated sodium carbonate solution, and extracted twice with 
chloroform. This extract, when dried with sodium sulphate and distilled, 
yielded glyoxalinemethylethylearbinol as a colourless oil (1 g.) which did not 
crystallise and was therefore converted into the picrate by dissolving in hot 
alcohol, adding a hot alcoholic solution of picric acid (1-7 g.), and cooling. 
The picrate separated in crystalline condition, and crystallised from 95 % 
alcohol in yellow prisms, m.P. 156° (corr.). The hydrochloride, obtained from 
the picrate by the benzene-hydrochloric acid method of Koessler and Hanke 
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[1918], was a colourless, hygroscopic gum. The chloroplatinate, prepared by 
mixing hot absolute alcoholic solutions of the hydrochloride and a slight 
excess of platinic chloride and cooling, crystallised in orange, leaf-shaped 
plates, m.p. 196° (corr.; decomp.) agreeing with Sahashi’s description. 








Other compounds. 

Tests upon the following substances! have all given negative results: 
2 : 6-dihydroxyquinoline-4-carboxylic acid, 5 mg.; 4-hydroxy-2 : 6-dimethyl- 
pyrimidine [Gabriel, 1885] 10 mg. ; 2-hydroxy-4 : 6-dimethylpyrimidine [Stark, 
1909] 10 mg.; 2-thiol-4 (or 5)-aminomethylglyoxaline [Pyman, 1911, 2] 5 mg.; 
ergothioneine hydrochloride [Tanret, 1909] 0-5 mg.; 2-methylglyoxaline, 
12 mg.; glyoxaline-4 (or 5)-formaldehyde, 15 mg.; 4 (or 5)-[glyoxaline-4 (or 5)- 
methyl]-glyoxaline-5 (or 4)-methyl alcohol, 13 mg.; glyoxaline-4 (or 5)-acetic 
acid, 7-5 mg.; dl-a-hydroxy-f-glyoxaline-4 (or 5)-propionic acid, 8-5 mg. 

Doses have been injected intramuscularly in 2-5 cc. aqueous solution, 
neutralised as far as possible to py 7-4 prior to injection. 

The above tests have been performed on single birds; in some cases two 
separate injections have been made. 
















SumMMARY. 

Neither 4 or (5)-glyoxalinemethylethylearbinol hydrochloride nor 2: 6-dihy- 
droxyquinoline has antineuritic vitamin properties similar to those possessed 
by torulin. Certain other compounds containing glyoxaline and pyrimidine 
rings had no curative properties. 
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1 Compounds 1-5 were prepared by one of us (J. M. G.), compounds 6-8 were kindly supplied 
by Prof. Pyman, and compounds 9 and 10 by Prof. Barger. 











CXXI. OBSERVATIONS UPON CARBOHYDRATE 
METABOLISM IN BIRDS. 


I. THE RELATION BETWEEN THE LACTIC ACID 
CONTENT OF THE BRAIN AND THE SYMPTOMS OF 
OPISTHOTONUS IN RICE-FED PIGEONS. 


By HENRY WULFF KINNERSLEY 
AND RUDOLPH ALBERT PETERS. 


From the Department of Biochemistry, Oxford. 
(Received September 9th, 1929.) 


INTRODUCTION. 


THE observations embodied in this communication arose in an attempt to 
discover why some cases of opisthotonus in rice-fed birds could be cured by 
giving glucose alone [Kinnersley, Peters and Reader, 1928]. This fact, beyond 
proving incontestably that all symptoms of opisthotonus produced by rice 
feeding were not due to lack of vitamin B,, suggested an intimate relation 
between the symptoms and some phase of carbohydrate metabolism. It 
seemed possible that investigation of the relation between these symptoms 
and carbohydrate metabolism might shed light upon the metabolic lesion in 
avitaminosis proper. 

In this paper, it is shown that more lactic acid is present in the brain of 
a pigeon suffering from “avitaminous” opisthotonus than in that of the 
normal?, 


HIsToRICAL. 


The brain in avitaminosis B. Though the lactic acid content of the 
brain in avitaminosis has not been investigated, estimations of other con- 
stituents have been made. Schaumann [1910] found only slight differences 
between the phosphorus content of the brains in normal and rice-fed pigeons. 
Funk [1912] found a diminution in nitrogen and phosphorus and Findlay [1921] 
a decrease in nucleic acid content, whereas Hotta [1923] and Verzar, Kokas 
and Arvay [1924] claimed an increase in cholesterol content, and more 
recently, Ljubarskaja [1928] an increase in creatine. 


1 We have purposely avoided using the term “beriberi pigeon” throughout owing to the 
claim by McCarrison [1928] that true beriberi can be produced in pigeons, and that this differs 
from simple polyneuritis. A preliminary account of the work appeared in Chem. Ind. (1929), 
48, 360. 
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The lactic acid content of brain tissue. Several workers have made estimations 
of the lactic acid content of the brain in other animals. McGinty and Gesell 
[1925] found that it varied in the brains of rabbits and dogs according to the 
time of removal after death. The lowest value recorded by them for rabbit 
brain was 43 mg. per 100g. They concluded that 60 mg. of lactic acid per 
100 g. accumulated during the first 3 minutes. In anoxaemia the amount of 
lactic acid found was much larger. The average value for dogs’ brains put into 
liquid air within 7-45 seconds was 70-80 mg. per 100 g. 

About the. same time Warburg, Posener and Negelein [1924] and Loebel 
[1925] showed that sections of the grey matter of the brain of the rat were 
actively glycolytic, and Holmes and Holmes [1925, 1926, 1927] showed that 
the lactic acid content of rabbit brain within some 3-5 minutes from death 
varied as the sugar content of the blood. This value in effect represents the 
total lactic acid which can be formed from carbohydrate precursors in the 
tissues, as it does not increase upon incubation in phosphate-buffer solution. 
The lowest value for brain-lactic acid obtained by Holmes and Holmes was 
20-35 mg. per 100 g. in an insulinised animal. They did not consider the changes 
to be correlated with the lactic acid content of the blood. Haldi, Ward and 
Loo [1927] found that the amount of lactic acid differed in different parts of 
the brain. These authors used a liquid air technique and obtained remarkably 
low values for the lactic acid content, in the case of the cerebral hemispheres 
11-6-14-7 mg. per 100 g. McGinty [1929] has claimed from the analysis of the 
lactic acid content of the blood entering and leaving the brain that there is 
a lactic acid metabolism of the tissue similar to that found in other tissues. 
The general conclusions to be drawn from the above are that there is probably 
some lactic acid present in the brain during life but that the actual value is 
obscure owing to the very active glycolytic powers of the nervous tissues. 

The blood. Estimations of lactic acid in the blood of pigeons have been 
performed by Collazo and Morelli [1925], who found for the normal pigeon 
29 mg. and for three cases of avitaminosis 54-57 mg. per 100 g. It is not clear 
from the protocol whether the three birds had symptoms at the time of 
estimation or not. 


EXPERIMENTAL. 


General methods. We have employed, for the estimation of lactic acid, the 
method of Friedemann, Cotonio and Shaffer [1927], and for the estimation of 
reducing substances, Hagedorn and Jensen’s [1923] method. For depro- 
teinisation we have employed 10 % trichloroacetic acid, and for removal of 
sugar the copper-lime precipitation. Estimations have been performed upon 
the brains of normal and rice-fed pigeons at various stages of avitaminosis. 
From preliminary experiments we learnt the importance of avoiding asphyxia, 
with its consequent effect upon blood-sugar, and of early stoppage of the 
supply of blood to the head. We therefore stunned the animal, cut off the head 
and rapidly removed the brain, which was immersed in ice-cold 10 % tri- 
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chloroacetic acid [Holmes and Holmes, 1925] as soon as possible after death. 
The values so obtained were much lower than those of our preliminary 
experiments. Table I shows there is still present in such brains precursors 
capable of conversion to lactic acid upon incubation in phosphate-Ringer’s 
solution (py 7-6). 


Table I. Effect of incubation upon the brain-lactic acid. 


Animals stunned, brains rapidly removed; half was ground immediately in ice-cold trichloroacetic 
acid, remainder incubated at 37° for 60 min. in phosphate-Ringer (pq 7-6) before grinding 
with acid. 

Time after Brain Brain after incubation 
stunning - A > A ~ 
Exp. sec. Lactic acid* Sugar Lactic acid* Sugar 
1 45 95 125 124 64 
2 60 95 92 107 73 
3 90 110 77 133 58 


Values = mg. per 100 g. brain. 





* Lactic acid single estimations. 


These results suggested that any change of consequence probably occurred 
within the first 45 sec. after stunning. Accordingly we next used liquid air, 
and worked as rapidly as possible. The bird was stunned by hitting its head 
upon the table, the head removed and the brain then plunged into liquid air 
immediately. 

Freezing the whole head gave no lower results for the lactic acid and was 


attended with the error consequent upon the presence of pieces of other 
tissues, as it was found impossible to separate the frozen brain tissue properly. 
This technique gave us the lowest results which we have obtained. 
Description of an experiment. The pigeon was stunned and the head cut off. 
The brain was frozen in liquid air, and the blood collected into oxalate from 
the neck. The cerebral hemisphere and part of the mid-brain were immersed 
in 20-25 sec. from the time of stunning, and the remainder within 30—40 sec. 
The frozen pieces of brain weighing 1-2 g. were placed into 10 cc. of ice-cold 
10 % trichloroacetic acid in a tared, corked 25 cc. centrifuge tube. The tube 
was immediately re-weighed, and the tissue broken up in the ice-cold tri- 
chloroacetic acid. After standing 15-30 min. with occasional: stirring, the 
tube was centrifuged and the supernatant liquid decanted into a similar 
centrifuge tube. Two cc. of 10% copper sulphate and 5 cc. of a 5 % suspension 
of calcium hydroxide were added, and allowed to stand for at least half an hour 
with stirring. The tube was then centrifuged, the volume measured and the 
fluid decanted into a distillation flask, to which had been added powdered 
tale, 10 cc. of 28-5 % sulphuric acid, and 10 °% manganous sulphate solution, 
and made up to approximately 100 cc. with water. The remainder of the 
estimation was carried out in accordance with the technique of Friedemann, 
Cotonio and Shaffer [1927]. In the earlier experiments in making the calcu- 
lation it was assumed that the lactic acid in the original extraction with 10 % 
trichloroacetic acid was distributed evenly between the precipitate and the 
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filtrate. This was confirmed in two experiments. A similar assumption was 
made in the case of copper-lime precipitation. In the later experiments, two 
extractions with trichloroacetic acid were made. The results did not differ 
appreciably. 

0-1cc. samples of the blood were taken for direct estimation by the 
Hagedorn and Jensen method. The remainder was treated with water in the 
proportion of 8 cc. water and 1 cc. 25 % trichloroacetic acid to 1 cc. blood. 
This was stirred and allowed to stand before centrifuging. The reducing value 
of the trichloroacetic acid filtrate from the brain was determined in most 
cases upon an aliquot sample (1/20) of the original 10 % trichloroacetic acid 
filtrate. 

The probable accuracy of the results. Care has been taken to standardise the 
procedure so that the results are strictly comparable. The estimations are 
subject to the usual errors involved in the handling of small amounts of tissue. 
Apart from these, the sugar values quoted are the mean of duplicate deter- 
minations and may be considered reliable to 3 mg. sugar per 100 g. (or cc.). 
The lactic acid values for blood, unless otherwise stated, are the mean of 
duplicate estimations, and may be relied upon to 1 mg. lactic acid per 100 cc. 
The lactic acid values for brain in the earlier results represent one estimation 
upon the whole brain in order to reduce to a minimum the errors of handling 
small amounts of tissue. Many of the later results have been performed in 
duplicate. In all cases, the differences upon which the conclusions have been 
based are too large to be influenced appreciably by the errors of the methods. 

The question of cold extraction. Though care has been taken throughout to 
immerse the frozen brains in thoroughly cooled trichloroacetic acid, and to 
grind them in this while cold, we have not found appreciably higher results 
even if the tissue is allowed to return to room temperature in the acid before 
extracting. It would therefore appear that the glycolytic system of brain 
tissue is completely disintegrated by freezing in liquid air. In this it resembles 
blood [Irving, 1926] but apparently not muscle [Fletcher, 1913; Macleod, 
1928]. 

The nature of the substances estimated. (a) The reducing values obtained 
by the Hagedorn and Jensen method have been described throughout this 
paper as “sugar.” We do not wish this to be regarded as an indication that 
we believe them to represent glucose only. In the case of the brain, it is 
known from the work of Holmes and Holmes and also of Ljubarskaja that 
considerable amounts of creatine are present in addition to any actual 
glucose. In work performed in collaboration with Dr J. M. Gulland, evidence 
has been obtained that other substances than glucose are present in the blood 
[cf. Herbert and Groen, 1929]. 

(6) The same argument must be applied to the values represented as 
“lactic acid,” since this has not actually been isolated, although there is 
indirect evidence that it is mainly lactic acid which is so estimated. The 
filtrates even from the avitaminous birds do not give a nitroprusside reaction. 
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McGinty and Gesell proved that in brain from the rabbit much of the substance 
which they were estimating was lactic acid, and the method of Friedemann, 
Cotonio and Shaffer is known to be more specific than other methods which 
have hitherto been used. 

The brain. No attempt has been made in this work to differentiate between 
different parts of the brain, though we realise that such a treatment of so 
highly organised a tissue is grossly inadequate. There is evidence to show that 
different parts of the brain differ in lactic acid content [Haldi, Ward and Loo, 
1927]. Further we ourselves have found, in cats’ brains, the lactic acid content 
of the grey matter to be some 30 % more than that of the white, a difference 
which Prof. J. Mellanby told us he had observed some years ago. 

Table II gives results for normal pigeons and pigeons suffering from 
opisthotonus due to lack of vitamin B,. Parallel estimations have been per- 
formed upon the brain and blood. The avitaminous pigeons have been obtained 
by feeding upon polished rice as described by Kinnersley, Peters and Reader 
[1928]. 


Table II. Comparison of brain- and blood-lactic acid (liquid air technique). 


“Time” represents the time after stunning and before immersion in liquid air. Values represent 
mg. per 100 g. tissue. 





Normal pigeons. Brain Blood 
Time A \ co “~ — ~ 
Exp. sec. Lactic acid Sugar Lactic acid Sugar 
4* 210 92 — 21 246 
5 30-35 87 — 19 242 
6 20-30 82 87-5 20 191 
7 20-40 94} 109 45} 166 
8 20-30 74 100 24 226 
9 25-35 79 110 23 232 
10 25-40 93 107 26 226 
ll 30-45 78 93 29 285 
Opisthotonus pigeons. 
12* 15 109 95-4 —_ 219 
13 20-30 112 93-5 —_ 281 
14 30-35 114 109 44 250 
15 20-30 105 117 40 212 
16 20-40 133 143 57 281 
17 17-30 105 133 122 306 
18 30 134 102 60 225 


* Head immersed whole, a procedure discontinued in subsequent experiments. 

+ Excluded from average. Bird abnormal, both in low blood-sugar and high lactic acid. 

Lactic acid values for brain 1 estimation, lactic acid values for blood mean of 2 estimations 
except in Exps. 11, 15, 17. 

In further experiments we have found that provided care be taken to 
anaesthetise without disturbance, the blood-sugar is not raised. Table III 
shows some observations upon birds under ether and chloroform. It will be 
seen that the lactic acid value is not raised in the brain 10-20 sec. after death, 
nor as a general rule in the blood, as the result of simple anaesthesia. 

Tables II and III show that there is much more lactic acid in the “avita- 
minous” brain than in the normal. Before any conclusions can be drawn 
from this, however, certain other possibilities must be considered. 
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Table III. Effect of anaesthetics upon normal birds. 
Mg. per 100 g. tissue. 


Brain Blood 

Time —__—_ —_——"— 

Exp. Anaesthetic sec. Lactic acid Sugar Lactic acid Sugar 
19* Ether — 65 125 12-5 212 
20 os 10-15 50 120+ 10 192 
” 60 100 122t 10 192 
21 * 10-40 60 117 28 240 
22 9 15-23 53 136 18 230 
23 a 10-20 53 137 14 219 
24 Chloroform 10-15 64 130 20-5 214 
25 8-25 64 105 20-5 217 


* Brain exposed during anaesthesia, and frozen in situ. 

+ Upper parts of brain removed rapidly. 

t Lower half of same brain owed to ain after cutting off circulation. 

Lactic acid values: for blood, duplicate estimations, except in Exp. 24; for sei, duplicate 
estimations in Exps. 20, 22, 23, 25; remainder, single estimations. 

The variations in the results and the gradual reduction in the amount of 
lactic acid as the technique has improved, indicate that none of the values 
represents the percentage amount of lactic acid at the instant of death. The 
question therefore arises as to what proportion of the lactic acid found has 
arisen by a rapid post-mortem glycolysis. In fact, more explanations than one 
are possible to account for the increased lactic acid: either (1) there is more 
lactic acid present at death; or (2) there is no more lactic acid than normal 
present at the instant of death, but more lactic acid has arisen post-mortem 
owing to either (a) an increased blood-sugar, or (b) an enhanced glycolytic 
power of the tissue in the abnormal brain. That the increased lactic acid is 
not due to raised blood-sugar is proved by Exps. 12, 15, 18 in which the 
blood-sugar was not higher than the normal. This disposes of the supposition 
in 2a; 26 is, however, more difficult to meet. If the abnormal brain has a 
more active glycolytic system, then estimations at different time intervals 
after death should reveal it. A T-shaped guillotine was constructed for the 
pigeon [cf. McGinty and Gesell, 1925], and so arranged that the knife which 
severed the neck operated before that which split the skull. Thus the circulation 
was interrupted before cutting the brain, which we believe to be important. 
Though the total amount of tissue in the brain of the pigeon is small, this very 
fact ensures that the pieces removed are rapidly cooled. Owing to the results 
of Table III, and to facilitate rapid manipulation, ether was used in many of 
the experiments. The results upon separate halves of brain obtained with the 
guillotine are given in Table IV. The halves were scooped from the skull into 
liquid air, the second half being allowed to stand for a short interval in air 
before freezing. 

The experiments show that even within 12-15 sec. of death as much as 
58 mg. lactic acid per 100 g. tissue is present in the brain. Thus the improved 
method has not reduced the lactic acid values. By standing for periods up 
to 1 min. about 20 mg. more lactic acid per 100 g. tissue accumulates. If we 
assume that the normal brain tissues at death contain about 15 mg. lactic 
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Table IV. Separate halves of brain. 





Mg. per 100 g. tissue. 

























Brain 
jin ag 
Time* (sec.) Lactic acid Sugar Blood 
x“ é ce \ ie: \ Co mam, 
Method of Ist 2nd Ist 2nd Ist 2nd_= Lactic 
Condition Exp. killing half half half half half half acid Sugar 

Normal 26 Stunning 12 40 72 71 110 124 -= -- 
27 9» 15 105 66 —- 150 152 48t 222 

28 “ 17 50 60 79 123 151 19 219 

29 Ether 17 65 59 81 175 180 15 219 

30 * 12-25 65-90 58 87 164 125 16 233 

3l ” 15 90 60 88 158 116 19t 212 

Opisthotonus 32 is 13 80 91 156 189 175 48 212 
33 es 15 100 100 154 14] 97 60 205 

34 99 1] 60 134 147 239 163 153 255 


* Time at which the half-brain was immersed in liquid air. 
{ All values the mean of duplicate estimations, except those marked with an obelus (f). 


Lactic acid, mg. per 100 g. brain 





0 10 20 30 40 50 60 70 80. 90 100 
Time seconds before freezing 


Fig. 1. Rate of appearance of lactic acid in pigeons’ brains after death. 


@= Anaesthetised opisthotonus. O =Stunned opisthotonus. 
s = Anaesthetised normal. x =Stunned normal. 
Upper curve anaesthetised opisthotonus. Lower curve anaesthetised normal. 


(Curve drawn through poirits from Table IV. Other points from Tables I, II and III.) 


acid per 100 g. (the amount found for the blood-lactic acid), then the curve 
drawn in Fig. 1 will represent the approximate rate of evolution of lactic 
acid in the normal brain. Turning now to the opisthotonus results, if we leave 
out Exp. 34, in which there is a very large amount of lactic acid present even 
in 11 sec., in Exp. 32, 91 mg. of lactic acid were found, 7.e. 30 mg. more lactic 
acid were present in this case than in the normal. If the brain-lactic acid at 
death in this case of opisthotonus was no more than the normal, 7.e. 15-20 mg., 
then we should have to believe that the glycolytic system was twice as active 
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as the normal, and in Exp. 34 even more active. Such an assumption seems 
to be improbable. It is, moreover, not supported by some earlier experiments 
in which normal and “avitaminous” brains were incubated with buffer 
solution with and without glucose. The experiments gave no evidence of 
enhanced glycolytic activity. 

The conclusion reached, therefore, is that actually more lactic acid is 
present at death in the “avitaminous” brain. The results in Table IV suggest 
other points of general interest, though subsidiary to the present investigation. 

In Fig. 1, points from Tables I, II, III have been added. It will be seen 
that stunning gives more rapidly a higher yield of lactic acid than does 
anaesthesia. This suggests that much of the lactic acid found is produced 
instantaneously by the trauma. It is possible that the severing of the neck 
produces lactic acid by stimulation, and that in anaesthesia such stimulation 
is diminished. The similarity implied between the processes of muscular 
activity and those of the central nervous system is clearly very close. 

It is remarkable that the lactic acid formed stops short at a maximum 
much below that produced on incubation for an hour in phosphate-Ringer’s 
solution. More lactic acid-forming material is present in the avitaminous 
brain (Exp. 32). The matter lies outside the scope of the present investigation, 
but the following facts may be noted. The “sugar” values for the brain filtrates, 
unlike the lactic acid values, show no consistency, though there is a general 
tendency for an increase with a high blood-sugar. As part of the reduction 
is due to creatine (Holmes and Holmes) the figures cannot be interpreted in 
detail without special investigation; the failure, however, to account for the 
increase in lactic acid at the expense of reducing substances in Exps. 29 and 32, 
for instance, suggests that the lactic acid arises from some non-reducing 
carbohydrate. 

It is to be noted that with few exceptions the normal blood-lactic acid 
has lain between 14 and 29 mg. per 100 cc. with an average value of 19 mg. This 
is rather lower than the value given by Collazo and Morelli [1925]. Avitaminous 
pigeons have given considerably higher values (40-150 mg.). In confirmation 
therefore of these authors, birds with symptoms have a raised blood-lactic acid. 

It may be asked next whether the appearance of increased lactic acid in 
the brain is a necessary concomitant of (a) these symptoms, and (6) of all 
similar symptoms. 

This evidence is difficult to obtain directly, and has been sought for along 
two paths. Firstly, is there evidence that the increased lactic acid appears 
only when the convulsions appear, and that it disappears rapidly upon cure 
of the condition? Secondly, are convulsions of the opisthotonous type always 
associated with an increased brain-lactic acid. In the experiments of Holmes 
and Holmes [1926], insulin convulsions in the rabbit were associated with 
a low lactic acid in the brain. The first question is dealt with in Table V. 
The second will form part of a subsequent communication. 

Table V shows that birds which had been fed for many days with rice, 
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even with blood-lactic acid as high as 28-30 mg. per 100 cc., did not have a 
high brain-lactic acid except in Exp. 40, where the bird had been longer upon 
the diet, and therefore was undoubtedly nearer to the symptoms than the 
others. The fact that a bird may be sufficiently ill to have a raised content of 
lactic acid, Exp. 36, in the blood without showing a high brain-lactic acid 
seems to us to be indirect evidence in favour of the view which is here put 
forward. After the cure of the symptoms three birds showed a normal lactic 
acid content in the brain though in one (Exp. 41) not completely so in the 
blood. It may be concluded provisionally that there is less lactic acid present 
in the brain both before and after the cure of the symptoms than during them, 
and that the lactic acid in the blood returns more slowly to the normal than in 
the brain. The general conclusion therefore is that increased lactic acid in the 
brain is a necessary accompaniment of opisthotonus produced by lack of 
vitamin B,. 


Table V. Relation of lactic acid to the presence of symptoms. 


Mg. per 100 g. (cc.). 
(a) Before the appearance of symptoms*. 





Days Brain Blood 
of rice Time ; A ~ r — 
Exp. feeding sec. Lactic acid Sugar Lactic acid Sugar 
35 10 25-35 76 113 16-5 226 
36 22 18-25 89 122 30 203 
37 22 18-25 81 112 23 245 
38 23 20-30 65 92 28 236 
39 23 40 86 111 17°5 215 
40 27 22-30 116 131 32 231 
(6) After curing the symptomsf. 
Hours 
after cure 

41 4-5 20-30 57 124 28 239 
42 12 13-20 70 105 21 217 
43 2 13-20 56 118 21-5 200 


* Single estimations of lactic acid, except in case of Exps. 35, 36, 37 (blood-lactic acid). 
{+ Duplicate estimations throughout. 


DISCUSSION. 


It is evident that our experiments lend considerable support to the views 
of Bickel [1924 1925] and Collazo [1922] on the significance of increased 
lactic acid in the blood and urine in vitamin B deficiency, and on their con- 
nection with derangement of the carbohydrate metabolism. We do not accept, 
of course, the view that the symptoms of opisthotonus are a mere incident, 
as we have found that they tend to appear at a constant time in the same 
bird [Kinnersley, Peters and Reader, 1928], and to behave in a standard way 
to doses of a curative extract. Funk and v. Schénborn [1914] found hyper- 
glycaemia in rice-fed pigeons; Collazo [1922] described a stage of hypogly- 
caemia followed by hyperglycaemia, together with carbohydrate intolerance. 
The blood-sugar, after a dose of sugar by mouth, remained higher than 
normal. Prof. H. M. Evans has told us that he and his colleagues have found 
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carbohydrate intolerance in vitamin B-deficient rats. Our normal birds have 
a blood-sugar from 190-220 mg. per 100 cc.; a few have been found with 
higher values. In rice-fed birds the values have tended to be 10 mg. higher. 
Birds with symptoms have fallen into two groups—some have normal blood- 
sugar, others 280-320 mg. per 100 cc. This occurs especially in birds which 
have been dosed with glucose within the last few hours, suggesting carbo- 
hydrate intolerance in confirmation of the results of the other workers. The 
hyperglycaemia observed by others is therefore due to forcible feeding [Randoin 
and Lelesz, 1926]. Our birds are always allowed to feed naturally. It is held 
by some that such birds are suffering from avitaminosis plus inanition. That 
this does not interfere with the response to torulin is conclusively shown in 
this paper and elsewhere. No question of an absolute lack of available food 
material or of ions to supply essential processes can arise, when 1 mg. or less 
of a torulin preparation suffices to cure the condition, and render the animal 
again able to feed (Table V). The argument that, because by forcible feeding 
it is possible to maintain the weight of an animal, it is not suffering from 
inanition and is therefore a less complicated subject for experiment when 
avitaminosis arises, is not without fallacy. A forcibly fed bird suffering from 
lack of vitamin B, has a permanent hyperglycaemia, so that the tissue cells 
are being continually bathed with an abnormal concentration of blood-sugar. 
The animal which feeds normally doubtless does not eat so much in the later 
stages and is often found to have a practically normal blood-sugar. It is not 
improbable that the lack of appetite is correlated in some degree with an 
adjustment of the blood-sugar. 

The evidence in this paper throws open again the question whether storage 
carbohydrate exists in the brain tissue. Holmes and Holmes advanced the 
view that the lactic acid of the brain had its origin in the blood-sugar. Their 
values ‘however were lactic acid “maxima.” Our experiments seem to us to 
leave no doubt that lactic acid originates from some form of carbohydrate 
in the brain itself. The amount of lactic acid which arises in some cases is 
more than could be produced by blood present in the brain even considering 
that such occupied one-tenth of the volume of the brain tissue. 


SUMMARY. 

1. Pigeons in the terminal stages of avitaminosis B,, showing symptoms 
of opisthotonus, have an increased amount of lactic acid in the brain as 
compared with the normal. Fifteen seconds after death there is found in 
the normal approximately 55 mg. per 100 g. tissue, and in the avitaminous 
95 mg. 

2. The increased lactic acid is not a consequence of the high blood-sugar, 
and tends to follow the blood-lactic acid, which is raised. At the end of a 
period of 40 sec. after death about 70 % of the lactic acid maximum is formed 
in the brain. Stunning produces lactic acid more rapidly than careful 
anaesthesia with ether. 


~] 
bo 


Biochem. 1929 xxu1 





3. The increased lactic acid is a concomitant of the symptoms in avita- 
minosis B,, and disappears within a short period after dosing with torulin. 


H. W. KINNERSLEY AND R. A. PETERS 
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CXXII. THE COLLOIDAL PROPERTIES 
OF SERUM. 


By CECIL INNES BOTHWELL VOGE 
(Carnegie Research Scholar). 


From the Animal Breeding Research Department, University of Edinburgh. 
(Received July 15th, 1929.) 


I. CHANGES IN THE COLLOIDAL PROPERTIES OF SERUM IN SYPHILITICS. 


Wricut and Krermack [1923, 2] investigated the mechanism of precipitation 
of colloidal gum benzoin by cerebrospinal fluid, and concluded that the 
abnormal precipitation associated with a fluid from a case of general paralysis 
of the insane was due to the presence of some abnormal constituent. 

It is the object of the present communication to show that syphilitic serum 
differs from norma! serum in a similar manner, and that the abnormal con- 
stituent is capable of being separated together with the water-insoluble serum 
fraction, the euglobulin. 


EXPERIMENTAL. 


Serum was examined under conditions which allowed the hydrogen ion 
concentration to vary simultaneously with the serum concentration. This was 
effected in the fullowing manner. A block of test-tubes was arranged in rows 
and columns, each column corresponding to one of the serum concentrations 
and each row to one of the dilutions of acid or alkali. 0-5 cc. of serum was 
added to each tube in the corresponding column and a similar volume of acid, 
alkali or water to each tube in the corresponding row. 1 cc. of Sumatra gum 
benzoin sol, prepared as described by Kermack and Voge [1925], was now added 
to each tube. The tubes were shaken, allowed to stand overnight and then 
read, the conventional method adopted in the previous communications being 
employed (4 = complete precipitation, 0 = no precipitation, etc.). The py of 
the supernatant fluid in those tubes in which complete precipitation was 
recorded was determined colorimetrically ; the areas of protection were shown 
by the addition of 1 cc. 4 % sodium chloride solution to those tubes in which 
no precipitation occurred; the charges upon the particles, in those tubes in 
which no precipitation was recorded, were determined by ultramicroscopic 
examination where the drift of the particles was observed under the influence 
of an electric field; and finally the method of recording these findings was by 
means of a graph in which the py is the ordinate and the concentration of 
serum the abscissa. The above is a very short résumé of the methods employed 
in this research as they are already set out at length by Wright and Kermack 
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[1923, 1, 2], Kermack and Voge [1925] and Voge [1928]. The method employed 
for separating the water-insoluble serum-protein fraction with which is 
associated the syphilitic substance is described elsewhere Voge [1929, 1]. 

The experiments described in this research are representative and have 
been taken from the large numbers examined. In the preliminary work human 
blood-serum was alone employed, but latterly owing to the difficulty of 
obtaining sufficient material the use of ascitic fluid was decided upon. It was 
found that from the point of view of this investigation no significant difference 
could be demonstrated, the difference in protein concentration being the most 
marked. This material was therefore employed in all the experiments here 
enumerated, and owing to the large quantities available it enabled numerous 
experiments to be performed upon the same fluid. 

Table I shows the precipitating effect of normal serum upon gum benzoin 
sol, the actual precipitation in each tube being shown by this method of 
recording. Fig. 1 shows the graphic method. 

The main points to be noted in this figure are that a zone of precipitation 
divides those particles which bear a positive charge from those upon which 
a negative charge exists, and that an area of complete protection exists at 
concentration of serum S/4 at all points where the py value is greater than 7-2. 


Table I. Showing precipitating effect of normal serum upon colloidal gum 
benzoin under the influence of varying py (cf. Fig. 1). 


Concentration of serum 





_ A ee 
a g 3 = 2 
» » 2 aes a2 ret &.* StS 
Hl wy 472 Be HYA™eA AA wm = a 5 
N/25 0” 0” 0” 0” 0” 0” 0” 0” 0” 0” 0’ 0 2 4 4 4 
50 0” 0” 0” 0” 0” 0” 0” 0” 0” 0” 0 0 0 0 3 4 
100 3” 0” 0” 0” 0” 0” 0” 0” 0’ 0 0 0 0 4 4 4 
200 4 3 0” 0” 0” 0” 0” 0’ 0’ 0 0 0 0 4 4 4 
400 0” 4 4 0” 0” 0” 0” 0” 0’ 0 0 0 0 + 4 4 
800 0” Oo” 4 4 yy Tr Pr Tr FP 0 0 0 4 4 0 
1600 0” 0” 4 4 4 0” 0” 0” 0’ 0 0 0 4 4 4 0 
3200 0” 0” 0” 3 4 0” 0’ 0 0 0 0 0 4 0 0 0 
6400 0” 0” 0’ 4 + 3 0’ 0 0 0 0 0 4 0 0 0 
H,O 0” 0” 0” 0’ 4 4 4 4 0 0 2 4 4 0 0 0 
6400 0” 0” 0” 0’ 4 4 4 4 4 4 4 0 0 0 0 0 
3200 -  2 ae 0’ 4 4 0 0 0 0 0 0 0 0 0 
1600 0” 0” 0” 0” 0” 0” 0” 0 0 0 0 0 0 0 0 0 
800 0” 0” 0” 0” 0” 0” 0” 0” 0’ 0 0 0 0 0 0 0 
N/400 0” 0” 0” 0” 0” 0” 0” 0” 0” 0’ 0 0 0 0 0 0 

NaOH 
” Indicates complete protection exists. ’ Indicates half protection exists. 


Fig. 2 shows the precipitating effect of syphilitic ascitic fluid upon gum 
benzoin sol. When this is compared with Fig. 1 it is observed that at a con- 
centration of fluid S/4, precipitation of the sol occurs up to pq 9 instead of 
Py 7:2. In the normal serum the area above this latter py is one wherein 
complete protection exists. In the syphilitic serum it would appear that some 
substance is present which is capable of so altering the stability of normal 
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serum-proteins that they precipitate in the presence of a negatively charged 
sol such as gum benzoin. This would indicate that the abnormal constituent 
was capable of conferring a positive charge upon the normal serum-proteins 
and is in keeping with the hypothesis advanced by Wright and Kermack 
[1923, 2], who suggested that if such a substance were protein in nature it 
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Fig. 1. The precipitating effect of normal human ascitic fluid upon colloidal gum benzoin. 
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Fig. 2. The precipitating effect of syphilitic human ascitic fluid upon colloidal gum benzoin. 


must possess a high isoelectric point. It is a well-known fact that proteins 
bear a positive charge at all points upon the acid side of their isoelectric point 
and so only a protein possessing an isoelectric point of py 9 or greater would 
be capable of conferring a positive charge upon the normal serum-proteins 
existing at a py, lower than this value. That such a mechanism is at work and 
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that such a protein is responsible for this change in the stability of the normal 
serum-proteins is shown to be feasible and these points are fully discussed in 
a later section. 

It is well-known that, in the Wassermann reaction, the degree of heating 
to which a serum is subjected before being submitted to the test influences the 
fixation of complement in a syphilitic serum. It has been shown that if serum 
be submitted to a preliminary heating at 55° the area of precipitation in the 
first zone, serum concentrations S/4—S/256, is slightly altered in normal serum, 
and markedly altered in serum from a syphilitic source. In normal serum 
after heating at this temperature for 30 min. precipitation is found to occur 
within the limits of py 5-6, thus showing a distinct increase in the area of 
complete protection occurring above this pq value. In syphilitic serum no 
change is observed until the serum has been heated at this temperature for a 
period longer than 30 min. It is found, however, that after heating for 90 min. 
the area of precipitation is in no way different from that shown by normal 
serum after 30 minutes’ heating, and thus the area of complete protection, 
which in syphilitic serum is found only at a py value greater than 9, has been 
increased in area until it reaches py, 6. Similar experiments carried out upon 
serum fractions, as prepared in the succeeding section, have shown that the 
change which occurs in the precipitating power is associated with the serum- 
euglobulin fraction. 

Considerable diversity of opinion has existed from time to time as to the 
fraction with which the syphilitic substance is associated in serum. Serum 
fractions have been prepared by various methods and the only one in which 
a clean-cut separation has been attained is that described by Voge [1929, 1], 
separation of the water-insoluble serum-proteins being effected by dialysis. 
It was found that if dialysis was continued for the correct length of time all 
the original amount of syphilitic substance was found associated with this 
fraction. The amount present was demonstrated before and after dialysis by 
means of the Sigma test. Table II demonstrates these facts. 


Table IT. 
Fraction of serum 
insoluble in Fraction of serum soluble in 
distilled water. distilled water 

Sigma value Euglobulin ood 

of whole serum units Pseudoglobulin Albumin 
1 11 ll 0 0 
2 10 8 0 0 
3 34+ 34+ 0 0 
4 34+ 344 0 0 
5 20 17 0 0 
6 85 85 0 0 
7 0 0 0 0 


In carrying out the Sigma test the fractions for examination were sub- 
mitted to a previous heating for 90 minutes at 55°. The Wassermann test 
was carried out on the above fractions and a fixation of six doses of comple- 
ment was recorded for sera 1-6 in the water-insoluble fraction, no fixation 
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being shown to occur in the other fractions. For this latter test the sera were 
subjected to a preliminary heating for 30 minutes at 55°. 

The fraction insoluble in distilled water was taken up in Ringer’s solution, 
the volume used being sufficient to give the same concentration of euglobulin 
as present in the original serum. The serum fractions soluble in distilled water 
were separated by half saturated and saturated ammonium sulphate re- 
spectively, dialysed to remove this salt and the solid constituents of Ringer’s 
solution added before being submitted to the test. 

Fractions prepared in a similar manner were examined under conditions 
where the protein concentration was allowed to vary as well as the py value 
to determine the precipitating effect of these upon gum benzoin sol. It was 
observed that increased precipitation was obtained with euglobulin from 
syphilitic serum, the zone of precipitation in protein concentration S/4 
extending from py 7 to 8-2, as compared with normal euglobulin py 6:8 to 7-2. 


II. THE EFFECT OF ADDITION OF A PROTAMINE, CLUPEINE SULPHATE, 
TO NORMAL SERUM. 


Wright and Kermack [1923, 2] have suggested that the alterations dis- 
cussed in section I may be due, not to the ordinary serum-proteins, but to the 
presence of some other material, which, if protein in nature, must be possessed 
of a high isoelectric point. In 1926 Dr Kermack suggested to me that the 
addition of a protamine to normal serum might cause it to simulate syphilitic 
serum in its precipitating power. The methods of experimentation used were 
those described in section I. The results are presented in Fig. 3, which shows 
the effect of the addition of 0-5 % of a protamine, clupeine sulphate, to 9-5 cc. of 
normal serum. This serum gave the same precipitating effect as that described 
in the previous section, Fig. 1, but the addition of this basic protein caused 
it to simulate the syphilitic serum shown in Fig. 2. 
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Fig. 3. The precipitating effect of normal human ascitic fluid to which has been 
added clupeine sulphate. (Compare Figs. 1 and 2.) 
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It has also been shown that this change is associated with the serum- 
euglobulin fraction, for when serum is dialysed and the water-insoluble 
fraction removed, dissolved in Ringer’s solution and tested, this fraction alone 
gives in protein concentration S/4, precipitation up to py 8-8. The effect of 
heating such a mixture, normal serum and clupeine sulphate, is to decrease 
the zone of precipitation in proportion to the time of heating until, after 
90 minutes, the zone of precipitation is similar to that given by normal serum. 

Wolf and Rideal [1926] came to the conclusion that clupeine sulphate 
added to normal serum-globulin does not cause it to simulate globulin from 
syphilitic serum. These authors commenced their protein concentrations at 
1/100 and complete or almost complete precipitation is recorded by them in 
the first two tubes. Similar experiments carried out by us commenced at 
1/4 protein concentration and complete precipitation of the gum benzoin sol 
occurred up to 1/200 protein concentration. We would therefore suggest that 
our results are almost identical, the interpretation alone being different. 
These authors regard the zone of precipitation which occurs at a concentration 
greater than 1/500 as being the zone of increased precipitation in syphilis, 
whereas we regard this zone to be indicated by the precipitation which occurs 
in concentrations less than 1/200, the essential differences between normal and 
syphilitic serum being found in concentrations S/4, 8/8, 8/16. 

Further work has been carried out to ascertain the effect of the addition 
of clupeine sulphate to normal serum upon the Wassermann and Sigma 
reactions. It has been found that in the latter a strong positive reaction 
normally associated with syphilitic serum, 7.e. 68 units, is obtained. The 
effects in the Wassermann reaction appear to be more complex. A fixation 
of six doses is found to occur but beyond this value anti-complementary 
readings are obtained, 7.e. fixation of complement occurs in the absence of 
antigen. The effect of heating such serum mixtures before testing was studied. 
In the first series of experiments the temperature was kept constant but the 
period of heating was varied. It was shown that heating at 55° for longer than 
30 minutes decreased the power to fix complement. In the second series the 
period of heating, 30 minutes, was kept constant but the temperature was 
varied, readings being made at 55°, 58° and 60°. At a higher temperature 
than 55° the capacity of such serum mixtures to fix complement was gradually 
destroyed. Details of these experiments will be submitted in a later com- 
munication. 


III. THE COLLOIDAL CHEMISTRY OF AGGLUTINATION WITH SPECIAL REFERENCE 
TO THE POSSIBLE ISOLATION OF A SERUM FRACTION RICH IN ANTIBODIES. 
The object of this investigation was to study the precipitating effects of 

normal and immune serum upon a specific sol. A bacillary emulsion such as 

is employed in the following experiments is called the “antigen,” inasmuch 
as, when it is injected, the antiserum produced contains antibodies which 
possess the power to precipitate the specific antigen in vitro. 
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The method discussed in the previous sections whereby the serum con- 
centration was allowed to vary as well as the hydrogen ion concentration was 
adopted in all the experiments. In order to conform to normal agglutination 
technique the volumes were in all cases decreased, 0-2 cc. of serum being 
employed, a similar volume of acid or alkali, and 0-5 cc. of the antigen. The 
dilutions of all materials were carried out with distilled water so that the 
results might be compared with those previously obtained with a non-specific 
system, and in some cases gum benzoin sol was employed as an antigen to 
ascertain its effect. 

The interpretation of the results was made in the same manner as before 
(see Fig. 4). 
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Fig. 4. The agglutinating effect of B. abortus antiserum upon a suspension 
of B. abortus (Bang). 


Nore. The agglutinating effect of normal cows’ serum upon a suspension of this 
organism is similar to the precipitating effects shown in Fig. 1. 


The sera of cattle were employed throughout this research and the antigen 
was obtained by washing off an 18 hour growth of B. abortus on nutrient agar 
with 0-85 % sodium chloride and adjusting the opacity of the emulsion to 
that given by No. 7 of Brown’s opacity tubes. The sera of fifteen cattle have 
been examined by the methods outlined above, about half possessing a serum 
agglutination titre against B. abortus of about 1 : 200, the remaining half 
being entirely negative. Two representative cases gave the following aggluti- 
nation titres with B. abortus antigen. 

1. The serum from cow xiv gave a positive agglutination titre of 1 : 300. 
This serum has been employed for demonstrating the precipitating or 
agglutinating effect of antiserum. 

2. The serum of cow xv gave a negative agglutination test (agglutinating 
titre only 1 : 4). This serum has been employed for demonstrating the pre- 
cipitating or agglutinating effect of normal serum. 
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DISCUSSION. 


The precipitating effect of normal and B. abortus antiserum upon gum 
benzoin sol is in nowise greatly dissimilar to that shown by human serum in 
section I. The agglutinating effect of normal cows’ serum upon B. abortus 
antigen is also very similar. In the above three systems no precipitation or 
agglutination is found to occur with a serum concentration of S/4 at a py value 
greater than 8-2. It is noted that the py is a little higher than that which was 
shown to be the upper limit in human serum but the difference does not 
appear to be significant considering that serum from a different species is 
employed. 

Fig. 4 shows the agglutinating effect of B. abortus antiserum upon B. 
abortus antigen. It will be observed that a very large increase in agglutinating 
power has occurred. The upper limit of agglutination at serum concentration 
S/4 occurs at py 8-8 and at S/128 at py 8. 

It is apparent that this abnormal agglutination shown by B. abortus 
antiserum is only given when the specific antigen is employed. 

The above experiments have been carried out with unheated serum but 
when the serum had previously been heated at 55° for half an hour the 
abnormal zone of agglutination shown by B. abortus antiserum was con- 
siderably reduced, approaching that of normal serum. 

There appear to be several points in common between the phenomena 
discussed in the previous sections wherein a non-specific system such as the 
precipitation of normal and syphilitic serum is discussed. Firstly, the abnormal 
zone of agglutination is associated with the serum-euglobulin fraction. 
Secondly, the effect of submitting the serum to a preliminary heating at 55° 
for half an hour is to decrease the zone of agglutination and, in the case of 
antiserum, if inactivated for a longer period the agglutination shown is 
similar to that given by normal serum. Thirdly, the effect of the presence of 
- this agglutinin is to raise the limit of agglutination in serum concentration 
S/4 from py 7-5 to 8-8. In normal serum the proteins in this concentration and 
at these p, values confer a protection upon the particles of the antigen and 
so, not only does agglutination not occur, but even the subsequent addition 
of 4 % sodium chloride fails to agglutinate the organisms, which under these 
conditions bear a negative charge. The effect of agglutinin appears to be very 
similar to that demonstrated previously by the addition of a basic protein 
to normal serum whereby the normal negative charge upon the proteins is 
so altered that upon the addition of a ny charged sol precipitation, or 
in this case agglutination, ensues. 

It has been shown that gum benzoin sol is not more readily precipitated 
by antiserum than by normal serum and in a similar manner it was demon- 
strated that the addition of clupeine sulphate to normal cows’ serum did not, 
in the concentrations employed, cause it to simulate antiserum. It would 
appear that, although there are many points in common between the non- 
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specific and specific reactions which appear to indicate that the production 
of antibodies or agglutinins is accompanied by an alteration of the charge 
upon the serum-proteins, there is a radical difference which is responsible for 
the specificity of interaction between antiserum and organism. 

In view of the similarities that appeared to exist, it was thought to be of 
interest to attempt to isolate the water-insoluble serum fraction. This was done 
by submitting a high titre serum to dialysis, according to the method described 
by Voge [1929, 1], whereby the water-insoluble euglobulin and associated 
agglutinin can be separated. This finding is in keeping with the results of 
Kroeger and Hektoen [1927]. Rosenholz [1928] has demonstrated that the 
active fraction of anti-anthrax serum is adsorbed with the euglobulin. Such 
fractions separated by dialysis from the whole serum have been prepared, and 
experiments have been carried out to ascertain whether they are able to confer 
an immunity against a subsequent infection with the specific organism. The 
results so far obtained have been most promising although the numbers of 
animals employed have been too few to furnish conclusive evidence [Voge, 
1929, 2]. 


SUMMARY. 


1. Normal and syphilitic sera behave differently in their power to pre- 
cipitate gum benzoin sol. In syphilitic serum a zone of precipitation exists 
which is not present in normal serum. An abnormal substance is present in 
syphilitic serum which possesses the power of conferring a positive charge 
upon the serum-proteins and so rendering them unstable in the presence of 
a negatively charged sol such as gum benzoin sol. 

2. Normal serum undergoes little change when heated at 55° for periods 
up to 90 minutes; syphilitic serum at the end of this period is indistinguishable 
in its precipitating effects from normal serum, although little alteration appears 
to have occurred after heating it at this temperature for 30 minutes. 

3. The abnormal substance present in syphilitic serum is associated with 
the serum-euglobulin fraction, with which it can be separated from the other 
serum fractions. 

4. The effect of the addition of very small quantities of a protamine to 
normal serum is to cause this latter to simulate syphilitic serum in its pre- 
cipitating and complement-fixing powers. The effect of heating a serum so 
treated is to cause it to regain its normal precipitating and complement- 
fixing powers and so in this respect it is similar to syphilitic serum. 

5. Normal serum and antiserum possess a similar precipitating power 
upon gum benzoin sol. An almost similar degree of agglutinating power is 
shown by normal serum upon an antigen of B. abortus. 

6. The marked agglutinating power of antiserum upon a suspension of 
B. abortus is greatly diminished by subjecting the antiserum to preliminary 
heating. 
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7. The substance responsible for the agglutinating power is associated 
with the serum-euglobulin fraction. 


Sections I and II form part of a thesis submitted for the degree of Ph.D., 
Edinburgh University [Voge, 1928]. This research was commenced in the 
laboratory of the Royal College of Physicians with the financial assistance of 
the Department of Scientific and Industrial Research, and continued in the 
laboratories of the Animal Breeding Research Department, Edinburgh during 
the tenure of a Carnegie Scholarship. 

For hospitality and financial assistance from these bodies grateful thanks 
are rendered. 

My thanks are also due to Dr W. O. Kermack for advice and criticism. 
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CXXIII. BENCE-JONES PROTEINS. 


By LESLIE FRANK HEWITT. 
From the Hale and Dunn Clinical Laboratories, London Hospital, E. 1. 


(Received August 30th, 1929.) 


Myetomarosis or Kahler’s disease is characterised by alterations in the bone 
marrow and by the occurrence in the urine of a protein substance which 
coagulates when warmed aud redissolves on boiling [Bence-Jones, 1848]. 

The earlier workers concluded from its heat-solubility that the substance 
in the urine was an albumose [Kiihne, 1883, 1884; Huppert, 1897; Mathes, 
1896; Ellinger, 1898]. Magnus-Levy [1900], Abderhalden and Rostosky [1905], 
and Grutternink and de Graaf [1901] conclude from its behaviour as an antigen 
and from its hydrolysis products that the compound is a protein. Although 
unable to prepare antibodies by intraperitoneal injection Hopkins and 
Savory [1910] give analyses similar to those of other proteins, and they 
emphasise the importance of salts and acid for the re-solution of the coagulated 
protein. Their suggestion is that the protein combines more readily with ions 
at the boiling-point than at lower temperatures and the protein is thus re- 
dissolved through formation of soluble salts. 

Ville and Derrien [1907] conclude that different Bence-Jones proteins with 
the common property of heat-solubility may occur. The same conclusion is 
reached by Hektoen [1921], Bayne-Jones and Wilson [1922] and Hektoen and 
Welker [1924] as the result of precipitin, complement fixation and anaphylaxis 
tests. Miss Robinson [1927] applied the precipitin technique to some of the 
proteins described in this paper and found differences between them. Willheim 
[1927] also postulates the existence of different Bence-Jones proteins. 

In this paper Bence-Jones proteins obtained from five cases of myelomatosis 
are described. Notes on the cases have been reported elsewhere [Hewitt, 1929]. 
Tn one as much as 36 g. per diem of the protein were excreted without appre- 
ciable albuminuria. The protein was detected in the blood but not in the 
cerebrospinal fluid. 


THE PROTEIN. 


Preparation. Specimens of urine collected over a 24-hour period and 
preserved with toluene were treated with an equal volume of saturated 
ammonium sulphate solution and sufficient 10 % acetic acid to bring to py 5. 
After standing, the precipitate was filtered off, dissolved in water, and the 
solution was neutralised. The protein was re-precipitated by addition of 
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saturated ammonium sulphate solution and then redissolved in a small volume 
of water. 

Lipins were extracted from the protein by pouring the solution into 
alcohol-ether mixture at low temperature [see Hewitt, 1927]. The white 
powdery extracted proteins may be kept indefinitely at room temperature. 
The solid was dissolved in water and dialysed in collodion sacs against distilled 
water in the ice-chest for 10 days. The solutions were filtered through sterile 
Seitz filters and were much less coloured than those of urinary albumin pre- 
pared in the same way. 

Salting-out. The proteins required 40-55 % saturation with ammonium 
sulphate for complete precipitation from neutral solutions, the precipitation 
limits being very sharp. In Case I, 40 % saturation produced no precipitate 
whilst precipitation was complete at 44 % saturation. With the protein from 
Case III the solution remained clear at 33 % saturation but the protein was 
completely precipitated at 42 % saturation. The hydrogen ion concentration 
has a marked effect on the precipitation. With protein from Case I 10% 
saturation is sufficient for salting-out at py 3-9. The salting-out limits are not 
dissimilar to those of pseudoglobulin. 

Solubility. The protein from four of the cases dissolved in water quite 
readily but that from Case I was less soluble. In this case the temperature 
coefficient of solution was high, a waxy solid separating on cooling a solution 
made at room temperature. A sample of this protein (not extracted with 
alcohol) was dissolved in water at room temperature and dialysed against 
distilled water in a collodion sac in the ice-chest; a white solid was soon pre- 
cipitated. The supernatant fluid was poured off and the solid was found to 
dissolve readily in water. Both the supernatant fluid and the dissolved solid 
had [a];4g; — 57-8°. This precludes the possibility of denaturation or fractionation 
of different proteins. 

Heat coagulation and re-dissolution. Each of the proteins coagulated at a 
low temperature when warmed but not all redissolved when the suspension 
was boiled. A slightly acid solution and the presence of salts is necessary for 
- re-dissolution on boiling and re-precipitation on cooling [Hopkins and Savory, 
1910]. 


Cases 


c in ~ 


I II Ii IV iv 
Opalescent at... 42° 44° 52° 56° 50° 
Coagulated at... 50° 46° 55° 58° 57° 
Clear soln. at = — 80° — 80° 80° 
Filter, cool .-- 8b. ppt. ppt. ~ = ppt. ppt. 


It was found that proteins from Cases I and III could not be made to re- 
dissolve when boiled unless some 40 % of alcohol were present. Under these 
conditions all the proteins coagulated when warmed and redissolved when 
boiled. This, however, is not a specific property of Bence-Jones proteins for 
it was found that serum, serum-albumin and serum-pseudoglobulin behaved 
in the same way in slightly acid solution in the presence of salts and 40 % 
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alcohol. The possible reasons for this phenomenon are (a) a shift of the iso- 
electric point of the protein in hot alcohol and the formation of soluble salts, 
or (b) a pure solvent effect of the hot alcoholic solution. The latter does not 
seem probable. 

Isoelectric point. The method used was that of adding alcohol to buffered 
solutions of the protein at different py. Those tubes in which precipitation 
most readily occurs are deemed to be in the region of the isoelectric point, 
the assumption being made that isoelectric protein is less soluble than its 
salts: It is certain that this assumption is not universally applicable; for 
example, protein phthalates are so insoluble that phthalate buffers cannot 
be used in this method, and in the presence of considerable amounts of sodium 
chloride pseudoglobulin is not precipitated completely until the acidity is 
increased to the neighbourhood of py 4. Acetate buffers were used in the 
present series of experiments and maximum precipitation appeared to be at 
Py 3°6-4-4, but on warming for a few seconds maximum precipitation 
occurred at py 5-5-6-0 in Cases I and IIT. When boiled the protein dissolved 
in each case, and on cooling maximum deposition of solid was in the py 
range 5-5-6-0. The latter range appears more probably correct than py 3-6—4-4. 
Cataphoretic migration was slow so that the actual isoelectric point is doubtful, 
but some evidence was obtained that Protein I still wandered to the cathode 
at py 5:5. The isoelectric point of Protein V appeared to be in a more acid 
region. 

Optical rotatory powers. Rotations were determined in 0-2 or 1-0 dm. 
tubes, using a Schmidt and Haentsch polarimeter with Hilger direct-vision 
spectroscopic eye-piece, a mercury vapour lamp and a Nernst lamp and 
colour filter. 































[a], 
A. 


* las \ 
Case No. \=6660 5780 5461 4358 A, 







I —39-7° — 55-3° — 64-3° — 111-6° 
II —31-0 — 43-2 — 48-5 — 83-6 
III — 35-9 — 50-8 — 58-1 — 106-2 
IV — 43-1 — 59-6 — 67-5 — 113-9 






V — 34-4 — 46-0 — 52-9 — 97:8 














The very greatly differing rotatory powers for the different proteins will 
be noticed. The limits for [a];4., are from — 48-5° to — 67-5°; these are all 
rather less than that for serum-pseudoglobulin, 7.e. — 68-7° [Hewitt, 1927]. 
The rotatory dispersions are similar to that of pseudoglobulin. 

Ultraviolet absorption spectra. The ultraviolet absorption spectra were 
determined in the Department of Physiology by kind permission of Prof. Roaf 
and Mr Smith. The same peak and trough were obtained in each case with 
differences in intensity. The spectrum of protein from Case I is given in 
Fig. 1 with that of serum-pseudoglobulin and that of albumin all prepared in 
the same way [Smith, 1929]. The Bence-Jones protein has a similar absorption 
curve to that of serum-pseudoglobulin but the extinction coefficient is greater. 
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Refractive indices (Abbé refractometer). 


Protein concen. 


Case % 
II 6-46 
Til 4-73 
IV 4-92 
V 9-45 
Serum-albumin 7-45 


[Hewitt, 1929] 


n D 


1-3458 
1-3432 
1-3441 
1-3524 
1-3484 





Ny calc. for 
100 % protein 


1-575 
1-594 
1-605 
1-587 
1-586 


When allowance is made for the considerable experimental errors and 
method of calculation, the refractive index of Bence-Jones protein is approxi- 
mately the same as that of serum-albumin. 


12 
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Extinction coefficient 





3000 2800 





2600 2400A 


Wave-length 





Fig. 1. Absorption spectra of 0-1 % protein solutions. 


Aromatic amino-acids. The Bence-Jones proteins give a more intense colour 
with the phenol reagent [Wu, 1922] than serum-proteins. Some 24 mg. 
serum-proteins, and an average value of 18 mg. of Bence-Jones protein, gave 
the same intensity of colour as 1 mg. of tyrosine. This indicates a higher 


concentration of available aromatic amino-acids. 


Protein from Case I was 


coagulated and hydrolysed and amino-acids were determined by the method of 
Folin and Ciocalteu [1927]. The results were tyrosine 6-14 %, tryptophan 
1-73 % (higher concentrations than in serum-proteins). The same sample of 
protein contained 14-8 % of nitrogen and less than 0-01 % of phosphorus (all 


the results are uncorrected for ash content). 
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DIscussIon. 


From their antigenic powers, hydrolytic products and general physico- 
chemical behaviour it seems clear that these Bence-Jones compounds are true 
proteins. They possess properties in common with serum-proteins, especially 
pseudoglobulin. They are soluble in water, precipitated by about 50% 
saturation with ammonium sulphate and they have similar refractive indices 
and absorption spectra to those of the serum-proteins. The phosphorus 
content is low and that of aromatic amino-acids is high. It seems possible 
therefore that Bence-Jones proteins and serum-proteins have a common 
origin, ¢.g. in the bone marrow. 

Proteins from different cases have different properties; those examined 
differed in optical rotatory powers, in the amount of salt required to precipitate 
them, and in solubility. The urinary protein from one case was less soluble 
in water than the others and separated from solution when cooled, thus 
behaving similarly to that described by Paton [1892]. Each of the proteins 
coagulated at a low temperature when warmed but not all redissolved on 
boiling. Solubility when boiled is a general criterion for Bence-Jones proteins, 
but the urinary proteins from two cases of typical myelomatosis did not 
redissolve when boiled. It was found that in the presence of about 40 % of 
alcohol all the Bence-Jones proteins coagulated when warmed and redissolved 
when boiled. This, however, is not a specific property of the Bence-Jones 
protein since serum-proteins behave similarly. The effect of salts such as 
those of cerium and lanthanum, ferrocyanides and thiocyanates in increasing 
the solubility of proteins may be explained by assuming the formation of 
molecular salts which shift the apparent isoelectric point of the protein 
(Loeb, 1921-22), but the action of alcohol seems obscure. That the hot 
alcohol exerts a purely solvent effect seems unlikely. 


SUMMARY. 


Bence-Jones proteins from different patients differ in properties. Not all 
are redissolved in boiling salt solutions. In the presence of alcohol both Bence- 
Jones proteins and serum-proteins are dissolved when the coagulated sus- 
pensions are boiled. 


The author is indebted to the physicians who placed material at his disposal 
and to Dr J. R. Marrack for his helpful interest in the work which was carried 
out under the auspices of the Freedom Research Fund. 





L. F. HEWITT 
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